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THE experiences of the Great War have renewed our interest in the 
cerebral organization of the optic pathways. We have only to recall the 
careful investigations of Gordon Holmes and Lister in England, of 
Pierre Marie and Chatelin in France, and of Axenfeld and others in 
Germany. 

The idea of an exact localization, for long maintained by Henschen, 
has come more and more to the front. A post-mortem examination, 
however, has been rarely made by these investigators. Holmes and 


Lister published an anatomically confirmed case of a circumscribed 


defect in the field of vision. A complete serial microscopical examina- 
tion, however, has not yet appeared. 

To solve the problem of the cerebral organization of vision, an exact 
analysis has to be made of the conditions in the external geniculate body, 
in the occipital Jobe and in the tracts between them. 

Many years ago this problem was approached in a different way by 
Pick and Herrenheiser. They made small lesions in the retina of 
rabbits and cats and studied the secondary degenerations in the optic 
nerve, in the chiasma and in the optic tracts. These investigators, 
however, did not examine the projection of the retina in the optic 
centres. Recently Lubsen published a careful research on the tectum 
opticum of a fish (Leuciscus rutilus). In this animal Zeeman made 
small lesions in the retina and Lubsen studied the secondary degenera- 
tions in the primary optic neurons with the help of the Marchi method. 
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Some years ago we started experimental anatomical investigations of 
the same kind in rabbits, cats and monkeys. Some of the results have 
been published by us in previous articles [8 and 4]. In company with 
Dr. Overbosch we have continued these studies in rabbits and cats. 
Dr. Overbosch will shortly give a full description of the projection of 
the retina in the primary optic centres in these animals [20]. In the 
present article we print only a résumé of these observations in rabbits 
and cats, with a more complete account of our findings in monkeys. 
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1.—Projection of the various quadrants of the retina in the crossed and uncrossed 
external geniculate body in rabbits. (After Overbosch.) 


FIG. 


There is a very distinct localization of the different parts of the 
retina of rabbits in the external geniculate body and in the mid-brain. 
Fig. 1 shows the projection in the corpus geniculatum externum. From 
this it will be evident that the cells of the lower quadrants of the retina 
send their fibres to the dorsal part of the crossed external geniculate 
body, while those from the upper quadrants reach its ventral part. 
There is a similar arrangement on the uncrossed side. Further, the 
nasal part of the retina is always projected laterally to the temporal half. 
In a former article [3] we have already indicated the projection of the 
different quadrants of the retina on the corpus quadrigeminum anticum. 
Further investigations have confirmed the views there expressed. 
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In cats an exact localization of the different parts of the retina in 
the external geniculate body is alsofound. Fig. 2 shows Dr. Overbosch’s 
and our results. Here the number of non-crossing fibres is much greater 
than in rabbits; hence the binocular part of the external geniculate 
body has become bigger. Minkowski maintains that in cats this 
binocular part is found chiefly in the medial section of the ganglion. 
We agree with him, and have further found that the upper quadrants 
of the retina lie a little more frontal than the lower. Rabbits and cats 
thus differ, which is not surprising, seeing that the eyes in the latter 
stand more frontal, and that the form of the external geniculate body is 
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Fic. 2.—Projection of the various quadrants of the retina in the crossed and uncrossed 
external geniculate body in cats. (After Overbosch.) 


not the same. It has not been possible to determine the localization of 
various parts of the retina in the mid-brain of cats. The secondary 
degenerations to this part of the brain after partial lesions of the retina 
were not sufficiently intense to enable us to come to a definite 
conclusion. 

We shall now turn to monkeys. A preliminary communication of 
some of our results has already been published in a former article [4]. 
These we propose to give in fuller detail here. Our investigations were 
started in the Central Institute for Brain Research (Director Dr. C. U. 
Ariéns Kappers) and have been continued in the neurological and 
ophthalmological laboratories of the University of Amsterdam. 
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DESCRIPTION OF METHODS. 


The operations were always made on the left eye. In one case the 
left eye was totally extirpated, while in fifteen other animals partial 
lesions were made. These may be divided into three groups. In the first 
different parts of the retina were injured without damaging the macula; 
in the second group the macula was involved, the remaining part of the 
retina being spared, while in the third lesions were made in the macula 
as well as in the periphery. 

To dilate the pupil atropine was dropped into the monkey’s eye a day, 
and again an hour, before the operation. Ether was used during the 
operation, which was done in a sitting position. 
open by retractors, and by means of an electric lamp placed on the fore- 
head of the operator light was thrown on and into the eye of the 
With his right hand the surgeon inserted a cataract needle 
the bulbar conjunctiva about 


The evelids were kept 
I 


monkey. 
with a _ sickle-shaped edge, through 
4 mm. behind the temporal border of the cornea and then through 
the sclera into the vitreous. With his left hand he now placed 
an opthalmoscope lens of 20 dioptres before the eye. In this way he 
could distinctly see the fundus and also the point of the cataract needle 
in the vitreous. With his right hand he brought this needle to the 
part of the fundus where the lesion was to be made. In operations on 
the macula the blunt side of the instrument was always turned towards 
the centre of the macula, and after injuring the quadrant desired the 
incision was if necessary enlarged centrifugally. In a very few cases 
the instrument had to be quickly extracted owing to the animal 
making an unexpected movement. This necessitated a second prick. 

After the operation the size and position of the lesion were determined 
by the ophthalmoscope and a drawing of it made, which was checked 
some days later. 

After eighteen days the animal was killed. The size and exact 
position of the lesion was controlled by post-mortem examination. In 
all lesions of the macula and in several of the peripheral retina, a micro- 
scopical examination in serial sections was made. 

The nervous system was treated by the Marchi method. 
plete series was cut through the chiasma, the optic tracts and the 
In several cases the peripheral nerve was also 


A com- 


primary optic stations. 
examined by this method. 
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DESCRIPTION OF THE EXPERIMENTS IN MONKEYS. 


(1) Extirpation of one eye—(Cynomolgus fascicularis. Series B. 163. 
Central Institute for Brain Research.) 

It is not necessary to describe all the secondary degenerations, as this has 
already been so frequently done. We only mention here that the number of 
uncrossed fibres in monkeys is large, but less than the crossed ones. There is 
no special localization of the uncrossed fibres in the optic tracts, the osmium 
granules being scattered everywhere. A secondary degeneration is present in 
the whole of both external geniculate bodies as well as in the so-called corpus 
prae- (sive supra-) geniculatum. The crossed and the uncrossed sides however 
differ ; in the former the ventral border of the geniculate body is extensively 
degenerated, the osmium granules lying quite near those in the optic tract sur- 
rounding the ganglion. On the uncrossed side, however, a light strip is seen 
on the ventral border of the ganglion; some degenerated fibres are found in 
this layer, but one gets the impression that they only pass through it and 
terminate more centrally. This difference is seen best in the caudal two- 
thirds. 

None of the fibres terminate in the pulvinar. Many osmium granules are 
present on the border of this part of the optic thalamus, but they pass into 
the mid-brain through the arm of the anterior corpora quadrigemina. Several 
partial lesions of the retina gave similar results. 

The number of degenerated fibres proceeding to the corpus quadrigeminum 
anticum after total extirpation of the eye is relatively small. They are seen on 
both sides, but are more numerous on the crossed side. In this series no 


other secondary degenerations were visible in other parts of the brain. This 


also applies to all the other experiments. 


We shall now describe the series in which lesions of the retina were 
made without injuring the macula. Such lesions may be called “ peri- 
pheral,”’ although the majority of them were situated not far from the 
region of the macula. It is clear that by them the fibres from a large 
sector of the quadrant in question were divided. 

Before describing our results after partial lesions in the periphery, 
we must discuss the interesting problem of the localization of the mono- 
cular field of vision. As has just been said, the number of crossed fibres 
in monkeys is always larger than that of the uncrossed. At the ventral 
border of the uncrossed corpus geniculatum externum a small layer is 
seen which is lighter and less degenerated in our sections than on the 
other side (figs. 3 and 4). The idea was forced upon us that it is in 
this layer that the monocular part of the field of vision is to be localized. 
When we compare the relations between the monocular field of vision 
and the binocular in rabbits, cats and monkeys, we are led to conclude 
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Fic. 3.— Secondary degeneration in the ventral part of the uncrossed external geniculate 
body after the extirpation of one eye, in a monkey, 
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Fic. 4.—-Secondary degeneration in the ventral part of the crossed external geniculate 
body after the extirpation of one eye in a monkey. 
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as follows: In rabbits the binocular field of vision is small because the 
eyes stand so far lateral in the head. Hence the part of the external 
geniculate body reserved for binocular vision is relatively small, the 
fibres of the monocular vision occupying the greatest portion. We 
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Fic. 5.—Relation between the monocular and binocular fields of vision and their 
projection in the external geniculate bodies in rabbits. 


have seen that the field of binocular vision must be localized medially in 
this ganglion (fig. 5). In cats the part for binocular vision becomes 
greater, and finally in monkeys it occupies by far the larger portion of 


the external geniculate body (fig. 6). 
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Light stimuli coming from the extreme temporal side of the field of 
vision fall on the most nasal part of the retina. These stimuli are only 
perceived by one eye. This is the case not only in monkeys, but also in 
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Fic. 6.—Relation between the monocular and binocular fields of vision and their 
projection on the external geniculate body in monkeys. 


man. Hence the division of the field of vision into monocular and 
binocular parts is of great importance. As assumed above, the former 
in monkeys is probably situated in the ventral layer of the crossed 
external geniculate body. It will appear from a study of the two 
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Fic. 7.—Secondary degeneration in the crossed external geniculate body after a lesion 
far nasal in the horizontal meridian, 
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following series, in which lesions were made in the monocular part of 
the retina, that this view is correct, for after injuring this portion of the 
retina we have found secondary degenerations exactly in that layer. 

(2) A peripheral nasal lesion in the horizontal meridian.—(Series B. 166. 
Neurological Laboratory.) 

The secondary degeneration in the optic nerve and in the chiasma cannot 
be correctly estimated owing to the presence of much deposit. In the crossed 
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Fic. 8.—Secondary degeneration in the periphery after a lesion far nasal in the retina. 


optic tract, however, a distinct secondary degeneration is plainly visible. This 
lies chiefly in the medioventral part of the tract, but it also goes a little 
towards the centre. In the crossed external geniculate body a thin layer of 
osmium granules is found in the ventral border of the ganglion, being only 
clearly seen in its oral half. Its position is shown in fig. 7. A very slight 
degeneration is visible in the arm of the anterior colliculus, passing by the 
pulvinar and terminating in the corpus quadrigeminum anticum, especially in 
its most medial part. The number of these fibres is, however, too small to 
allow us to determine their exact termination. 





PROJECTION OF THE RETINA IN THE OPTIC NEURON IN MONKEYS 11 


(3) Lesion in the periphery of the nasal upper quadrant.—(Series B. 125. 
Neurological Laboratory. Cynomolgus fascicularis.) 

The optic nerve was not examined. In the chiasma the degenerated fibres 
evidently proceed along the dorsal border to the opposite side. In the optic 
tract there also is a definite localization, the degenerated fibres lying in the 
medial half of its dorsal border. In the crossed external geniculate body a 
very distinct secondary degeneration is seen in the ventral border of its medial 
part, more especially in its caudal half (fig. 8). No further secondary 
degenerations could be determined. 


We shall now describe several series in which parts of the retina 
belonging to the binocular field of vision were extirpated. Some of 
these have been already mentioned in a former article | 4]. 


(4) Lesion in the nasal upper quadrant.—(Macacus rhesus. Series B. 171. 
Central Institute for Brain Research.) 

There is a very distinct degeneration in the dorso-medial part of the optic 
nerve. In the chiasma all the fibres cross through its dorsal half. In the 
right optic tract degeneration is seen only in the dorso-medial part. A small 
but sharply defined degenerated area is visible in the medio-ventral part of the 
corpus geniculatum externum, in the immediate neighbourhood of the optic 
tract. No osmium granules are found in sections of the caudal fifth of the 
ganglion. The pulvinar and the mid-brain are intact. 

(5) Lesion in the temporal upper quadrant.—(Cynomolgus fascicularis. 
Series B. 140. Central Institute for Brain Research.) 

A very small lesion was made in the upper temporal quadrant of the retina. 
On the lateral side of the horizontal meridian a sharply limited degenerated 
area is present in the optic nerve. None of the fibres cross in the chiasma- 
At first the degenerated fibres lie wholly lateral and ventral in the chiasma, 
but they gradually turn dorsalwards, finally reaching the dorso-medial part of 
the optic tract. They retain the same position throughout. There is a fine 
secondary degeneration in the medial part of the external geniculate body, only 
the most frontal and the most caudal sections remaining free. No definite 
degeneration is present in the peripheral border of the ganglion, in which we 
localized the monocular field of vision. No degenerated fibres proceed to the 
mid-brain. 

(6) Lesions in both upper quadrants.—(Papio papio. Series B. 116. 
Neurological Laboratory.) 

In the neighbourhood of the optic disc lesions were made in both upper 
quadrants without damaging the macular fibres. In the optic nerve the 
degeneration lies chiefly dorsal, but in the neighbourhood of the chiasma it 
passes also ventrally in the medial half. The majority of the fibres proceed to 
the other side, crossing chiefly through the dorsal half of the chiasma. In the 
optic tracts osmium granules are found in the medio-dorsal part, more being on 
the right side than on the left. There is an intense secondary degeneration in 
the medial half of the whole crossed external geniculate body. Its form and 
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its extent are in many respects the same as is depicted in a former article 
(figs. 3 and 4, No. 4, 1925). The degenerated area, however, is somewhat 
larger and reaches more dorsally. The peripheral border of the ganglion is also 
very dark, owing to the presence of osmium granules (fig. 9). 

On the non-crossed side degenerated fibres are also found in the medial 
sector only of the corpus geniculatum externum. This must be specially noted, 
as the fact was not emphasized in our former article that the peripheral border 
is not degenerated. We have seen above that the field for monocular vision is 
localized here. 


Fic. 9.—Secondary degeneration in the medial part of the external geniculate body 
after a lesion in the upper half of the retina. 


In the arm leading to the anterior colliculus of the crossed side definite 
degeneration is observable. These fibres do not terminate in the pulvinar, but 
turn to the mid-brain, ending laterally in the caudal half of the corpus quadri- 


geminum anticum. 

(7) Lesions in both upper quadrants.—(Cercopithecus cynosuris. Series B. 
117. Neurological Laboratory.) 

Two lesions were made in the retina not far from the optic disc, the chief 
one in the nasal half. No macular fibres were damaged. In the optic nerve a 
circumscribed area of degeneration was present in the dorsal part, especially 
on the medial side. Many fibres crossed in the dorsal half of the chiasma. 
In the crossed optic tract we see again a circumscribed degeneration lying 
medio-dorsally. This is also found on the other side, but here the area lies a 
little more lateral. 
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Very fine secondary degeneration is found in the medial portions of both 
external geniculate bodies. Its size and extent have been already shown in 
figs. 3 and 4 of our article, 1925 [4]. The point, however, was not brought 
out in these drawings, that on the crossed side a thin layer on the peripheral 
border of the ganglion is not so intensely degenerated ; it appears lighter in 
colour than on the other side. This is the area we have reserved for monocular 
vision. The quality of the sections of the pulvinar and the mid-brain is not 
sufticiently good to enable us to decide whether fibres proceed to the mid-brain. 

(8) Lesion in the lower nasal quadrant.—(Macacus rhesus. Series B. 170. 
Central Institute for Brain Research.) 

In the optic nerve a small but circumscribed area of degeneration is seen 
medioventrally. All the fibres cross in the chiasma, passing through its 


Medial. 


, degeneration in the lateral part of the external geniculate body 
after lesion in the lower half of the retina. 


ventral part. In the optic tract the degenerated area is visible in the medial 
half of its ventral border, without reaching, however, its medial corner. There 


is a circumscribed secondary degeneration in the right external geniculate body. 


In contrast with the former series, osmium granules are seen only in the lateral 
part. Assoonas the optic tract surrounds the geniculate body the degenerated 
fibres show a tendency to turn lateralwards. The intensity of the degeneration 
gradually diminishes in the oral-caudal direction, and in the caudal fifth no 
osmium granules are found. No definite degeneration could be observed in the 
arm to the anterior colliculus, or in this ganglion itself. 
(9) Lesions in both lower quadrants.—(Cercocebus fuliginosus. Series 

118. Neurological Laboratory.) 
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Two lesions were made in the neighbourhood of the optic disc and of the 
macula. The optic nerve and the chiasma could not be examined, but there 
was obvious secondary degeneration in both optic tracts, especially along their 
ventral borders. Also in the external geniculate bodies distinct areas of 
degeneration were found (fig. 10). Its extent was described in a previous 
article (see figs. 5 and 6, No. 4, 1925). Osmium granules were present in the 
lateral half of the ganglion, the caudal quarter only being free from degenera- 
tion. One point, however, is not clear in these drawings : on the uncrossed side 
the degeneration is not immediately adjacent to that in the optic tract which 
surrounds the ganglion, a few granules lying between‘the latter and the cireum- 
scribed degeneration in the geniculate body. This is the layer where we have 
already localized monocular vision. 

The brachium anticum is likewise partially degenerated, particularly on 
the crossed side. These fibres do not terminate in the pulvinar but proceed to 


Fic. 11.—Lesion in the macula. (Series B. 100.) 


the mid-brain. Immediately on the appearance of the corpus quadrigeminum 
anticum in the sections these fibres end in its cortex, especially medially, the 
number gradually diminishing towards the caudal part of the colliculus. 


Thus far we have described partial retinal lesions which did not 
injure the macula; we shall now deal with macular lesions. 


(10) A large macular lesion.—(Series B. 100 Neurological Laboratory.) 

In life it appeared probable that the whole macula had been extirpated. 
Histological examination of the eye showed, however, that the nasal half and 
the upper quadrant of the temporal half only were injured, the temporal lower 


quadrant escaping. The lesion is seen in fig. 11. 
In studying the optic nerve we were surprised to find that the degeneration 
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was very extensive. In the most peripheral sections it was found chiefly in 
the temporal half, but nearer the chiasma it moves more and more to the centre 
of the optic nerve (fig. 12). Immediately the chiasma appears crossing fibres 
are observed in its centre, and throughout the whole chiasma they retain a 
tendency to shun the extreme ventral and dorsal borders. The majority of the 
fibres cross. In sections directly in front of the optic tracts, the degenerated 
fibres on both sides are seen in the most lateral parts of the chiasma. The 
situations of the degenerated areas in the optic tracts are strikingly symmetrical ; 
the number of crossed degenerated fibres is, however, greater and they reach 
rather more ventrally in the tract. They lie chiefly lateral, but are also found 
in the centre of the rest of the optic tract. 


LATERAL, 


MEDIAL. 


Fic. 12.—Secondary degeneration in the optic nerve after a macular lesion. 


The degenerated fibres are spread over a great deal of the external geniculate 
body. Their extent has been already described in a former article (figs. 7 and 8, 
article 4, 1925). The following are the chief points: On the crossed side the 
degeneration occupies in the oral part almost the whole cross-section, but more 
caudally the extreme medial and most lateral fibres are not degenerated. Here 
the osmium granules are seen in that part of the ganglion from which they 
were absent after lesions in the upper and lower quadrants of the retina. One 
ig led to believe that there is really a localization of the macular fibres in the 
greatest part of the ganglion. This is also so on the uncrossed side ; here, 
however, the degenerated area is smaller and does not reach so far ventrally 


and laterally. 
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We must note that the distance between the fibres after such a macular 
lesion is greater than after injury of the peripheral parts of the retina (fig. 13). 
This is also true in all the following series of macular lesions. 

It; is a striking fact that no degenerated fibres are visible in the pulvinar, 
the brachium anticum, or in the colliculus anterior. 

(11) Lesion in the macula, chiefly a ats upper half. - 
Series B. 140. Neurological Laboratory.) 


(Cynomolgus fascicu- 
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Fic. 13.—Secondary degeneration in the centre of the external geniculate body after 
a macular lesion, 


The microscopical study of the eye in a complete series proved that the 
lesion involved mainly the nasal half of the macula, the upper quadrant being 
There is, however, also a small injury of the temporal upper 


most damaged. 
The latter is, however, not quite certain. 


quadrant and, perhaps, in the lower. 
A large area of degeneration is seen in the lateral part of the optic nerve, 
chiefly dorsally, which moves, however, towards the centre in the direction of 





PROJECTION OF THE RETINA IN THE OPTIC NEURON IN MONKEYS 17 


the chiasma. The majority of the fibres cross in the chiasma, chiefly in its 
centre, the dorsal and ventral borders remaining free. In the optic tracts 
the form and the situation of the degeneration resemble in many respects 
that in former series. On the crossed side it is larger and moves a little 
more ventrally. The degeneration is spread over most of the lateral half 
of the optic tract, tending to turn somewhat more dorsally than in the 


former series. 

In the crossed geniculate body the area of degeneration is very large. In 
the most oral part of the ganglion it occupies the whole of the medial half, but 
more caudally the medial and lateral parts are spared and the degenerated area 
lies only in the centre of the external geniculate body. In the caudal third it 


is very small, and is found in the latero-ventral part only. 

In the uncrossed ganglion the degenerated area is not so large. It is most 
obvious in its centre, occupying the same position as in the former series. It 
is doubtful whether there is actual degeneration in the lateral part of the 
ganglion. 

No degenerated fibres proceed towards the pulvinar, the brachium anticum 
or to the corpus quadrigeminum anticum. 

(12) Lesion in the macula, chiefly in its temporal lower quadrant. 
(Cynomolgus fascicularis. Series B. 139. Neurological Laboratory.) 

A microscopical examination of the eye showed that there was a very 
definite lesion in the temporal lower quadrant. This lesion, however, also 
touched the nasal lower quadrant. It is certain that the upper half of the 
macula was not affected. 

A sharply defined secondary degeneration is present in the lateral part of 
the optic nerve. In the most peripheral sections the osmium granules lie 
chiefly in its ventral half, but in the neighbourhood of the chiasma they are 
also visible dorsally. They proceed here gradually towards the centre of the 
nerve, but also reach its medial half. 

Crossing fibres are seen in the centre of the chiasma, a little more dorsally 
than ventrally. The majority of the degenerated fibres, however, remain on 
the same side. Secondary degeneration is found in the centre of both optic 
tracts, rather more towards the ventral than the dorsal surface. It is most 
extensive in the lateral part. 

A very definite secondary degeneration is present in the left external 
geniculate body. Osmium granules are also seen in tne medial half of its 
oral part, but they very soon move more lateralwards. In the caudal half of 
the ganglion, degeneration is observed exclusively in the lateral part. It 
avoids here the spot where degeneration is usually found after lesions in the 
lower quadrants of the peripheral retina. Its size and extent are seen in 
fig. 14. On the crossed side the number of osmium granules is much smaller. 
They are, however, localized at about the same place. There is no definite 
degeneration observable in other parts of the brain. 

(13) Lesion in the macula, chiefly in the temporal upper and lower 
quadrants.—(Maeacus rhesus. Series B. 104. Neurological Laboratory.) 
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Fic. 14.—Secondary degeneration in the uncrossed external geniculate body after a 
lesion of the macula, chiefly of its temporal lower quadrant. 
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(Series B. 104.) 


15.—Lesion in the macula, as seen during life. 


Fic, 


Fic. 16.—Lesion in the macula. (Series B. 104.) 
(A) Lesion immediately above the fovea. 


(B) Lesion through the fovea. 
(C) Lesion immediately under the fovea. 
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During life the lesion seemed to be as is pictured in fig. 15. A micro- 
scopical examination of the eye, however, revealed an injury in the temporal 
lower and upper quadrants, especially in the former. The nasal half was 
also affected, but only very slightly (fig. 16). 

The optic nerve could not be examined. A very small number of the fibres 
cross through the middle of the chiasma. The rest of the fibres remain in the 
middle of the left side and show a tendency to move dorso-laterally on ap- 
proaching the level of the optic tract. In the left optic tract a very fine 
degeneration is observable, especially dorso-laterally, but extending also in a 
thin line to the medio-ventral part. On the other side this area has the same 
form and situation, but is very slight. Osmium granules are found over a great 
part of the left external geniculate body. 

In the oral sections they occupy only the medial half of the ganglion, but 
in the middle third the form of the degenerated area looks as if the whole 
macula had been injured, the medial and lateral portions of the ganglion 
remaining free. In the most caudal sections the degenerated area moves 
laterally. 





Fic. 17.—-Lesion in the temporal part of the macula. 


In the crossed ganglion the degenerated area is so small that it is impossible 
to express a definite opinion. A few granules are seen chiefly in the dorsal 
part of the ganglion, especially at its middle. No degeneration could be 
followed to the pulvinar or to the mid-brain. 

(14) Lesion in the temporal quadrants of the macula.—(Cynomolgus 
fascicularis. Series B. 149. Central Institute for Brain Research.) 

The aim of the operation was to make a lesion in the temporal upper 
quadrant of the macula. A microscopical examination of the eye in complete 
series showed that the temporal upper quadrant was really injured, but that 
the inferior quadrant was also slightly damaged. Fig. 17 shows a photo-micro- 
graph of the lesion. Further, we found that there were two very small 
unexpected lesions far in the periphery of the retina, one in the temporal upper 
and the other in the nasal upper quadrant. 
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In the optic nerve there was too much dust to justify any estimate. In 
the centre of the chiasma crossing fibres are seen, but most of the granules 
remain on the same side. In the optic tract the degeneration on the crossed 
side remains wholly medio-ventral, on the uncrossed side it is seen in the 
centre of the tract, but chiefly in its lateral part. It tends to extend more 
dorsally than ventrally. 

In the uncrossed geniculate body a large area is degenerated, chiefly towards 
the medial half of the ganglion, but it also extends towards the lateral half. 
Its localization is indicated in fig. 18. In the caudal part of the external 
geniculate body hardly any degenerated fibres were found. 

In the right geniculate body the area of degenerated fibres is only small. 
It was evidently caused by the slight injury in the upper quadrant of the 
peripheral retina. No fibres proceed towards the pulvinar or the mid-brain. 

(15) Lesion of the retina medial to the macula.—(Cercopithecus callitrichus. 
Series B. 15. Neurological Laboratory.) 

An incision was made in the retina medial to the optic disc, particularly in 
the lower half. In this way not only were fibres of the peripheral quadrants 
damaged, but also a part of the macular radiation. 

Osmium granules are distributed throughout the optic nerve, especially 
medially. The optic nerve was cut, however, too longitudinally to form a 
conclusion as to the exact position of the degenerated fibres. An examination 
of the chiasma showed that only a few fibres go to the crossed side; they 
proceed mostly through its ventral half. 

There are two small areas of degeneration in the medial part of the right 
optic tract, one dorsal, the other ventral. In the left the degenerated area 
is large and lies partly in the middle, partly ventrally, throughout the whole 
tract. 

In the left external geniculate body a very extensive area of degeneration is 
found. In the most oral sections it occupies the whole ganglion, but passing 
in an oral-caudal direction the medial part of the ganglion becomes gradually 
free, its centre and its lateral part only being filled with osmium granules. 
This continues over many sections, but near its middle the granules disappear 
in the upper part of the ganglion, a definite degeneration being seen only 
ventrally in it. The granules have a tendency to avoid the region of the 
ganglion where the upper part of the retina must be localized. It is evident 
that the part of the ganglion where the lower half of the macula is projected 
is much more affected than that connected with the upper quadrant. 

In the crossed external geniculate body a slight degeneration is seen, which 
is more intense in its medial half; the lateral and central regions, however, are 
not free. 

No fibres pass to the pulvinar or to the mid-brain. 

(16) Lesions in the lower half of the retina, one of them injuring macular 
fibres. (Cynomolgus fascicularis. Series B. 159. Central Institute for Brain 
Research.) 

In this experiment the intention was to make two simple incisions in the 
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Fic. 18,—Secondary degeneration jin the external geniculate body after a lesion chiefly 
in the temporal upper quadrant. 
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lower half of the retina. A microscopical examination of the eye showed, 
however, that in operating on the temporal quadrant a part of the macula and 
the fibres proceeding from it were also injured. 

In the optic nerve a large area of degeneration is found, chiefly laterally in 
its inferior half, but also reaching its upper part. In the chiasma most of the 
granules remain on the same side. The crossing fibres lie chiefly in the lower 
half of the chiasma. In the right optic tract the degeneration keeps to the 
ventral border, while on the left side it is more widespread, only the dorsal 
and more especially the dorso-medial portions remaining free. 

In the crossed external geniculate body the degeneration is severest in its 
oral half. Here it occupies a considerable portion of the ganglion, leaving free, 
however, the most medial part and reaching only to the lateral half of the 
ganglion. In the caudal half of the series it occupies only a small ventral area 
at the lateral border of the ganglion. 

In the external geniculate body of the left side the degeneration is much 
larger. In the extreme oral portion the whole ganglion is full of granules, but 
the medial part soon becomes free. The chief site of degeneration is in the 
centre, but there are also granules in the lateral part of the ganglion. It is 
clear that the part connected with the monocular vision contains considerably 
fewer granules than on the crossed side. The intensity of the degeneration 
slowly diminishes caudalwards, so that in the caudal sections only a very 
slight degeneration is to be seen in the middle of the ganglion. 

There is a distinct but very slight degeneration in the left brachium 
anticum; the number of these fibres is, however, too small to enable us to 
follow them into the corpus quadrigeminum anticum. Certainly no fibres go 


into the pulvinar. 
DISCUSSION. 

We shall now review the facts recorded above, deduce certain con- 
clusions, and give our views regarding the projection of the retina in the 
primary optic centres of monkeys. 

On looking over our observations of secondary degenerations in the 
optic nerve we find there is, to a certain degree, a localization of the 
peripheral quadrants of the retina. The fibres from the upper half 
of the retina are situated above those from the lower; further, the 
temporal fibres lie lateral and the nasal medial. The difficult point is 
the localization of the macular fibres. It is certain that the number 
of these fibres is large. Near the eye they are situated laterally in the 
optic nerve, but towards the chiasma the degenerated area has a 
tendency to pass more centrally into the nerve; it increases in size in 
the neighbourhood of the chiasma. We believe that the macular fibres 
separate those from the temporal upper and lower quadrants of the 
peripheral retina from one another. There is not a very exact localiza- 
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tion of the macular fibres in the optic nerve, for it is certain that several 
of them are found between fibres from the various quadrants of the 
retina. This is especially so in the neighbourhood of the chiasma. 
From our investigations it seems probable that the fibres from the 
upper half of the macula lie above those from the lower. 

We shall now pass to the relations in the chiasma. Our experiments 
have shown that the fibres from the upper part of the retina generally 
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Fic. 19.—Secondary degeneration of the crossing fibres in the chiasma after lesions in 
the upper and lower halves of the peripheral retina, and secondary degeneration in 
the chiasma after a macular lesion. 


cross dorsally in the chiasma, and those from the lower half ventrally 
(fig. 19). Immediately before the formation of the optic tract, however, 
the fibres from the dorsal quadrants reach the ventral half of the 
chiasma. The fibres from the upper nasal quadrants cross somewhat 
later than do those from the lower quadrants. 

The course of the macular fibres is more difficult to define. In 
the most peripheral part of the chiasma the fibres that do not cross are 
seen throughout the whole lateral portion of the chiasma, while the 
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crossing fibres have a tendency to avoid its dorsal and ventral borders. 
Hence we may say that the macular fibres cross chiefly in the middle 
of the chiasma. Again, the fibres from the lower half decussate 
somewhat earlier than those from the upper half. It is not quite 
clear whether the upper macular fibres cross dorsally and the lower 
ventrally ; it may be so but it is not proved. In the middle and in the 
most proximal sections of the chiasma it is perfectly evident that the 
macular fibres have a tendency to move towards its dorso-lateral part. 
In this way the position occupied by the macular fibres in the optic 
tracts, as we shall presently see, has already been determined in the 
chiasma. 

In reviewing our observations on localization in the optic tracts we 
reach the following results: There is certainly a localization of the fibres 
from the upper and lower parts of the periphery of the retina. The 
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Fic. 20.—Maximal secondary degeneration in the optic tracts after lesions in the macula, 
and in the upper and lower halves of the peripheral retina. 


projection is approximately the same in both the crossed and uncrossed 
tracts. The fibres from the upper quadrant of the periphery lie 
dorsally, those from the lower ventrally; there is no overlap between 
these. The macular fibres are situated in the centre and gradually 
become larger in a lateral direction. The medio-ventral portion of the 
macular fibres overlap the fibres from the dorsal and ventral parts of 
the peripheral retina. Fig. 20 illustrates these relations; on the left 
side we have drawn the macular, on the right the non-macular fibres. 
There is also some kind of a localization, in that the upper macular fibres 
tend to run dorsal to the lower, but several of these fibres are 
undoubtedly mixed. This localization remains the same throughout 
the whole length of the optic tract. 

The most important results of these investigations, in our opinion, 
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are those regarding the projection of the retina in the primary optic 
centres. 

In none of our series have we seen degenerated fibres terminating 
in the pulvinar. The significance of this fact will be discussed later in 
this paper. 

All the secondary degenerations seen in our sections end in the 
corpus geniculatum externum and in the corpus quadrigeminum anticum. 
The tractus peduncularis transversus, which is found in rabbits, is not 
present in monkeys. We likewise failed to find the fasciculus accessorius 
optici anterior of Bochenek, which is clearly visible in rabbits. 

Our references to the corpus quadrigeminum anticum may be brief. 
In monkeys the retina is also projected in this part of the mid-brain, 
but the bundles connected therewith are very small, especially on the 
uncrossed side. Secondary degenerations to the corpus quadrigeminum 
anticum were absent in most of our cases; in three cases only of partial 
lesions of the retina could a bundle of degenerated fibres be followed 
right up to its termination here. The course and ending of these 
bundles differed from one another, suggesting that also in monkeys 
there is a localization of the different parts of the retina in the cortex of 
the colliculus anterior. Our material is, however, too limited to give a 
detailed scheme, as has been done in rabbits. It must be emphasized 
that these secondary degenerations were constantly absent after macular 
lesions. It is usually accepted that the movements of the pupils are 
greatest when rays of light fall on the macular region, and we therefore 
expected to find after macular lesions many degenerated fibres passing 
to the corpus quadrigeminum anticum. Their absence leads us to 
conclude that if the fibres for reflex movements of the pupil take origin 
in the macula they cannot be myelinated. 

Our observations of secondary degenerations in the corpus genicu- 
latum externum after lesions in the periphery of the retina are combined 
in fig. 21. One can see how the upper half of the retina is projected 
medially, the lower laterally. The fibres from these two parts do not 
overlap. The difference between the specimens with lesions in the 
upper and in the lower halves of the retina is already apparent in the 
optic tracts in the neighbourhood of the ganglion; after an operation on 
the upper quadrants the degenerated fibres are situated medially and 
remain there, while after a lesion in the lower half of the retina the 
fibres tend to pass to the lateral side. 

It has not been possible to give a more detailed localization of 
various parts of the different quadrants. On the contrary, we were 




































r Z ; ‘ j i j 4 
/ } lf) 


1g hk | i | / iif 
\ pb =, W , 






j 

















E%] =UPPER QUADR. 





=LOWER QUADR. 











Fic, 22.—Maximal secondary degeneration in the externa] geniculate body after lesions in the upper and lower quadrant 
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Fig. 23.—The projection of the various parts of the retina in the external geniculate body in monkeys. 
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struck by the fact that the secondary degenerations due to differently 
situated lesions in the same quadrants resemble each other very much. 
This is also the case in rabbits and in cats. From a study of our 
sections of the external geniculate body it is easy to determine whether 
the operation has been made in the upper temporal or upper nasal, in 
the lower temporal or lower nasal quadrant, but with the exception of 
the part of the retina belonging to the monocular field of vision one 
cannot, in this way, decide whether the lesion was made in the neigh- 
bourhood of the macula or more peripherally. 

Our studies further show that the crossed and uncrossed fibres must 
lie close to one another in the corpus geniculatum externum. 

In fig. 22 all the degenerations that result from macular lesions are 
combined. We have distinguished between the fibres from the upper 
and lower halves of the macula, the former being marked by dots and 
the latter by crosses. Two points are very strikingly brought out in this 
drawing ; first, that the macular fibres are widely spread throughout 
the corpus geniculatum externum. They are chiefly found in those 
parts of the ganglion where degenerated fibres were not present after 
lesions of the upper and lower halves of the peripheral retina, that is, in 
the centre. This indicates a localization, but it does not hold, however, 
in the oral part of the ganglion. This is the second point to which we 
would draw attention. 

The fibres from the macula seem to be mixed here with those from 
the peripheral parts of the retina. The question now arises whether 
this is a real or only an apparent overlap. This matter cannot be 
decided with absolute certainty as we have here reached the limits of 
Marchi’s method, but we have the feeling that there is not a real 
overlap. During our investigations in rabbits and cats the probability 
of a sharp localization of the macula in the primary optic centres always 
forced itself on us. This is also the case in monkeys. When a lesion 
involves chiefly the upper half of the macula, a large area of degenera- 
tion is found in the corpus geniculatum externum, which has a definite 
tendency to remain medial. And when the lower half of the macula 
is mostly damaged, the degenerated area tends to lie lateral (fig. 21). 
Hence the upper half of the macula is represented in the immediate 
neighbourhood of the upper part of the periphery, and the lower portion 
of the macula adjacent to the lower sector of the periphery. It is only 
in the more oral sections of the external geniculate body that this sharp 
localization is not found. We must not forget, however, that a large 

part of the optic tract passes through the oral part of the ganglion, and 
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we believe that many of these fibres only penetrate this portion of the 
ganglion on their way to more central parts. 

We can therefore represent the projection of the retina in the 
external geniculate body by such a diagram as fig. 23. The macula is 
projected between the upper and lower halves of the periphery. The 
upper quadrant of the macula borders on the upper part of the peri- 
pheral retina, and the lower part of the macula on the lower periphery. 
The monocular field of vision is represented inthe periphery. Further, 
we believe that the horizontal meridian of the retina remains vertical, 
but somewhat oblique, in the corpus geniculatum externum. 


RABBIT. 





Fic. 24.—Rotation of the external geniculate body during phylogenetic 
development. 


The question now arises whether we can find any analogy with 
lower animals, for example, with rabbits. This is possible if we accept 
the proposition that the corpus geniculatum externum during its phylo- 
genetic development is not only shifted outwards, but is also turned 
ninety degrees on itself (fig. 24). It must be also remembered that the 
binocular field is much larger than in rabbits, and that the macula 
occupies the greatest part of the external geniculate body. 


A REVIEW OF THE LITERATURE IN RELATION TO OUR OBSERVATIONS. 


One of the points which struck us in the study of our sections is, 
that after operating on the retina we could not follow degenerated 
fibres to the pulvinar. In rabbits it has been up to now very difficult 
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to decide which part of the optic thalamus corresponds to the pulvinar 
of higher animals. After operations on the eye of rabbits, many fibres 
are seen to turn round the external geniculate body, and then pass 
along the dorsal border and through the most dorsal part of the optic 
thalamus. We must not infer, however, that these terminate here, as 
there is reason to believe that they all only pass through this region of 
the brain in order to reach the corpus quadrigeminum anticum. 

In cats a pulvinar can be easily recognized, and after retinal opera- 
tions a secondary degeneration can be seen in its dorsal border, smaller 
and less intense than in rabbits. We can definitely say that these 
fibres do not terminate here, but proceed to the mid-brain. In order to 
check this conclusion we cut a series of sections horizontally after 
extirpating the left eye; in these it is obvious that the fibres which turn 
round the border of the pulvinar pass to the cortex of the anterior 
colliculus. In monkeys our investigations prove that these degenerated 
fibres go along the medial border of the pulvinar but do not terminate 
there. They avoid the external geniculate body, bend caudally through 
the brachium anterius and terminate in the corpus quadrigeminum 
anticum. Their number is smaller than in cats. 

These results do not concord with the opinion generally held, for 
the pulvinar is usually regarded as one of the primary optic stations. 
Henschen, however, has always maintained that this is not so; he holds 
that large lesions in the pulvinar do not produce hemianopsia, and that 
disease of the external geniculate body which spares the pulvinar may 
produce total hemianopia. Investigations recently made in another 
connection also lead to the conclusion that the pulvinar is not a link 
in the chain of the direct visual system. It is known that the pulvinar 
is connected with the neopallium, more especially with the gyrus 
angularis. 

Minkowski some time ago undertook investigations on this subject. 
He found that after lesions in the primary cortical visual area 
(‘Feld 17” of Brodmann, “area striata’’) no degeneration is found 
in the pulvinar of cats and monkeys. He also found that the projection 
of the pulvinar on the neopallium is relatively large; it is connected 
especially with the gyrus angularis, but also with the precuneus, with 
some parts of the occipito-parietal lobe, and perhaps also with the 
occipito-temporal lobe. 

From all these facts we conclude that the pulvinar is not a primary 
optic station, but this does not imply that this region of the brain has 
nothing to do with vision. The connection of the pulvinar with the 
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gyrus angularis makes it possible that it has something to do with the 
movements of the eye muscles and with the higher visual functions 
(stereoscopic vision, the recognition of the relative and absolute 
distance). Henschen, on the other hand, favours the opinion that the 
reactions of the pupil are influenced by the pulvinar. This is still 
uncertain, but it is important to emphasize the fact that no light stimuli 
arrive directly in the pulvinar. 

Many facts indicate that in monkeys there is a localization of 
different parts of the retina in the optic nerve, similar to the localiza- 
tion described in man as a result of clinical and anatomical investiga- 
tions. Once more we would emphasize the fact that the macula has 
a large representation in the optic nerve. We mention this because 
Igersheimer some years ago denied that the macular bundle in man is 
relatively large. 

One point that is of significance for clinical studies is that in the 
chiasma the crossing fibres of the peripheral retina have not all the 
same course, those from the dorsal half of the retina crossing dorsally, 
and those from the ventral part ventrally. These observations corres- 
pond to what Henschen and Wilbrand found in man. From their and 
our own observations we can understand why it is that tumours of 
the hypophysis so often cause an early defect in the superior temporal 
quadrants of the field of vision, since the tumour presses first on the 
ventral border of the chiasma and consequently damages the function 
of the ventral quadrants of the retina. From our investigations on 
the structure of the chiasma in monkeys the conclusion may be deduced 
that pressure on its dorsal surface may first cause defects in the inferior 
quadrants of the field of vision; some of our clinical observations 
point in this direction. If this is correct we should here have a means 
of distinguishing between tumours of the hypophysis on the one hand, 
and suprasellar tumours or dilatation of the third ventricle, on the 
other hand. 

The localization of the crossed and uncrossed fibres in the optic 
tracts has always been a difficult problem, and its solution has not been 
yet reached. Our experiments show that there is no clear distinction 
between the crossed and uncrossed fibres. As mentioned in the 
descriptive part of this article, however, the dorsal and ventral halves 
of the peripheral retina are localized differently, the fibres from the 
dorsal portions lying dorso-medially, those from the ventral ventro- 
medially. The macular fibres lie between them, but partially overlap 
both in the medio-ventral part of the tract. The latero-dorsal part of 
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the tract is entirely occupied by macular fibres. We have no reason 
to think that the relations in man differ from those in monkeys. 

In discussing the relations in the external geniculate body, we 
begin with the fact that in monkeys a small part of the periphery of 
this ganglion has to be reserved for the projection of the extreme nasal 
part of the retina which receives light stimuli from the extreme 
temporal part of the field of vision. This is the monocular part of the 
field of vision in both monkeys and man. Lutz has recently reviewed 
cases from the literature in which defects in the monocular field of vision 
were present. Such a defect may, of course, be caused by a lesion in 
the eye or in the optic nerve, but also by one in the central optic path- 
ways. He also collected cases in which hemianopsia was present, but 
the most temporal part of the field of vision was spared. The signi- 
ficance of the pathology of the monocular field of vision has been 
especially shown by Behr. Some facts suggest that defects in the 
monocular field of vision may be also caused by lesions limited to the 
calcarine cortex, and that the fibres belonging to this part of the retina 
have a special localization in the central visual pathways. ‘he ana- 
tomical aspect of this problem is, however, still unsolved. Our 
localization of the monocular field of vision in the external geniculate 
body in apes may stimulate further studies in this direction. We 
should not be surprised if a special area is found to be reserved in the 
calearine cortex also for this part of the retina. 

We have seen that the crossed and uncrossed fibres from the bin- 
ocular field of vision are intermixed. Minkowski found that in monkeys 
the crossed and uncrossed fibres do not terminate at exactly the same 
spots in the greater part of the external geniculate body, but that they 
come into contact with cells in alternate layers. This could not be 
seen in our sections, but it must be emphasized that Minkowski and we 
worked by different methods. Minkowski studied the atrophy of the 
cells in the external geniculate body belonging to the second optic 
neurons, while we followed the termination of the fibres of the primary 
neurons. Further investigations must decide between these contra- 
dictory results which have been obtained by different methods of 
investigation. 

As already stated, the dorsal half of the peripheral retina is projected 
medially in the external geniculate body, and the lower half laterally. 
This does not correspond with Henschen’s theory. In his opinion the 
dorsal part of the retina lies dorsally, the ventral ventrally in this 
ganglion. We do not believe that this difference in conclusions depends 
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on a difference in the material examined. Henschen studied the relations 
in men, while we have investigated them in monkeys. The form of 
the external geniculate body differs to only a slight degree in man and 
in monkeys, and the position of the ganglion in the brain is the same in 
both. Winkler has carefully described a case of right inferior quadrantic 
hemianopsia, due to a lesion of the dorso-lateral part of the central 
optic radiations. Here the microscopical study of the external geniculate 
body in complete series showed that its medial but not its lateral part 
was degenerated. This case seems to us to be a strong argument in 
favour of the opinion that also in man the upper part of the retina is 
projected medially and the lower part laterally. The value of Winkler’s 
observation is strengthened by the experimental anatomical work of 
Minkowski. He found in monkeys that the fibres coming from the medial 
part of the external geniculate body proceed to the dorsal half of the 
optic radiations and terminate dorsally in the occipital cortex, while the 
fibres issuing from the lateral part of the ganglion terminate ventrally 
in the occipital lobe. 

One of the chief questions in the problem of the cerebral organiza- 
tion of vision is the projection of the macula. This has always been 
one of the most important points of controversy between Henschen and 
von Monakow, and their schools. Henschen has consistently main- 
tained that there is an exact localization of the different parts of the 
retina in the brain; in his review of 1924 he accepted a mathematical 
projection of the retina on the calcarine cortex. In his opinion the 
macula is no exception and is localized separately in the different parts 
of the visual path as well as in the cortex. According to von Monakow 
an isolated representation of the macula in the central parts of the brain 
is anatomically impossible. The high physiological significance of the 
macula led von Monakow to put forward the theory that the impulses 
from this part of the retina are spread over the whole external genicu- 
late body, where they may be associated with impulses from other parts 
of the retina. In von Monakow’s view the fibres carrying macular 
impressions must also be scattered over a large part of the optic radia- 
tions and of the occipital lobe. This hypothesis may explain why in 
lesions of the optic radiations and of the occipital cortex the hemianopsia 
frequently spares the central part of the field of vision, and why in cases 
of hemianopsia duplex central vision often remains intact. 

Our observations in monkeys, which have been described above, have 
led us to the view that there is truth in the conclusions of both of these 
investigators. We have seen that the macular fibres are very widely 
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distributed in the external geniculate body, but that a localization exists 
cannot be denied. In many respects our results resemble those of Rénne 
inman. He studied the atrophy of the cells of the external geniculate 
body in cases where the macular bundle was degenerated as a result of 
chronic intoxication ; he found that in man the macula is projected on 
the dorsal part of the ganglion. Rénne concludes that his findings 
prove the correctness of Henschen’s hypothesis. His diagrams, how- 
ever, show that the distribution of fibres in the external geniculate 
body is wide. 

The question of the macular projection is closely connected with the 
relations in the more central optic pathways, that is in the second 
optic neuron. Pfeiffer recently gave a complete review of the different 
hypotheses on the central organization of the visual system. He also 
did interesting research work on the central optic radiations, but had 
not an opportunity of coming to a definite conclusion regarding the 
problem under discussion. Views on the representation of the macula 
in the calcarine cortex have varied. Lately it has been generally 
assumed that its position is in the occipital pole. In 1917 one of us 
advanced arguments showing that it was impossible to accept the idea 
that the macula is localized exclusively here ; in a case of hemianopia 
duplex caused by a lesion in both occipital lobes central vision was pos- 
sible notwithstanding the fact that the occipital pole was severed from 
the central optic radiations. This case does not prove that the macular 
fibres do not terminate in the cortex of the occipital pole, but it proves 
that not all of them end here. 

War cases also seem to point to the termination being in the 
occipital pole, but these cases have been rarely controlled by post- 
mortem examination. Gordon Holmes and Lister (1916), who have 
had much experience of war cases, have only once had an opportunity 
of making a post-mortem examination of a case with central scotomata. 
At the autopsy a large septic wound was found in the left occipital lobe, 
which involved all the structures lateral to the ventricle, including the 
optic radiations. On the right side the bullet had in passing destroyed 
about the posterior third of the calcarine cortex. They conclude that 
the centre for macular vision lies in the posterior extremities of the 
visual area, probably on the margins and the lateral surfaces of the 
occipital poles. Their observations, however, were not sufficient to 
solve this problem and hence these investigators were cautious in 
drawing conclusions. Thus in a later article Gordon Holmes (1918) 
advanced the possibility that macular vision, being very highly 
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specialized, has a relatively much more extensive cortical distribution 
than peripheral vision has. He draws an interesting parallel with the 
organization of motility in the cortex, pointing to the fact that the 
cortical motor areas for the movements of the fingers and thumb are, 
both absolutely and relatively to the bulk of the muscles they innervate, 
very much larger than that of other parts of the body. Holmes’s sug- 
gestion approximates to von Monakow’s theory. It may be also in 
agreement with our observations in monkeys. 

It must be concluded, from our experiments on the primary optic 
neurons, that the macular fibres have also a large distribution in the 
second optic neurons. They come into contact with far more cells of 
the external geniculate body than the fibres arising from the peripheral 
parts of the retina. Hence there must be many fibres in the central 
optic radiations which conduct stimuli of macular origin. In our 
laboratory, experiments are presently being made on monkeys by the 
extirpation of circumscribed areas of “Feld 17”’ of Brodmann. From 
our observations on the primary optic centres we expect to find that 
the macula has a large but localized projection on the area striata. 


SUMMARY. 


This article contains, in addition to a short introduction and a refer- 
ence to earlier publications, a description of secondary degenerations 
after sixteen experimental lesions of the retina in monkeys. We have 
studied by Marchi’s method sections of the brain after extirpation of one 
eye, after partial lesions in the periphery of the retina, and after opera- 
tions on the upper and lower halves of the macula. This study has 
given us an indication of the localization of the different quadrants of 
the retina in the primary optic neurons. We would especially draw atten- 
tion to fig. 23, in which we reproduce a diagram of the projection of the 
retina in the external geniculate body. In the latter part of this paper 
we have discussed our results in connection with the literature on the 
subject. Finally, we have indicated the significance of our results and 
their effect on the analysis of the relations in the second optic neuron, 
i.e., in the central optic radiations and in the calcarine cortex. 
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A FURTHER NOTE ON HEPATO-LENTICULAR 
DEGENERATION. 
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BY STANLEY 


In a former number of this Journal [1] we described the clinical 
course of four cases of hepato-lenticular degeneration occurring in one 
family, and the anatomical findings in two of the cases. One of the 
cases (No. 2) died whilst the former communication was in the press, 
and a careful examination of the tissues has since been made. We 
propose to give an account of the changes found in the organs, and take 
this opportunity of discussing the significance of the Kayser- Fleischer 
line (zone of corneal pigmentation). 


Case 2, Phoebe B., was readmitted to the General Hospital, Birmingham, 
on September 4, 1925, on account of increasing weakness and of the difficulty 
of administering food. She was now completely bedridden, and could not 
stand or use her arms and hands for any useful purpose. The rigidity of the 
trunk and limbs was somewhat greater than at the time of the previous note 
(July, 1925), and there was some tendency for tetanus-like spasms to occur at 
frequent intervals. These spasms were not so severe as those seen in the 
terminal phase of Case 1, but they showed a very close similarity in type to 
those of a case of true tetanus which happened to be in the ward at the 
same time. Death occurred on September 19 from asthenia, much accen- 
tuated by the semi-starvation consequent on her extreme difficulty in 
swallowing food. 

The post-mortem examination was performed a few hours after death, and 
the brain (preserved intact, but with the ventricles injected), the eyes (also 
injected with 10 per cent. formol-saline), and the liver were allowed to harden 
in formol-saline before being cut. 

The liver, which weighed 800 grm., was coarsely cirrhotic, with a nodular 
surface ; thin strands of vascular connective tissue traversed the liver substance, 
which was pale and of a yellowish-red colour. 

The spleen, weighing 150 grm., was pale in colour and of soft consistence. 

The kidneys together weighed 170 grm. The cortex was pale and slightly 
swollen, in a condition of cloudy swelling; the medulla was congested. 

The lungs were congested at the bases and posterior borders, and in both 
were seen patches of broncho-pneumonic consolidation, while abundant muco- 
pus exuded on section of the bronchi. 
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Nervous system.—Beginning above near the vertex, the cerebral 
hemispheres were divided by horizontal sections into a series of slices 
each 5 mm. in thickness. The condition of the lenticular nucleus closely 
resembled that seen in the eldest member of the family (Case 1, F. B.), 
in that the putamen was dark in colour and shrunken transversely, 
particularly in its middle and posterior parts, while its outer margin 
was bowed inwards ; in this region the tissue was soft but there was no 


Fic. 1.—Section of the basal ganglia at two levels. The putamen is shrunken and 
its outer margin bowed inwards. The small cavity in the left-hand section was occupied 
by a large blood-vessel, around which shrinkage of the tissue has taken place. 


actual cavity formation. The caudate nucleus was retracted slightly 
from the opposite wall of the lateral ventricle. Other regions of the 
basal ganglia appeared normal. 

The most arresting feature of the case, however, and one not met 
with in either of the brains previously examined, was the condition 
found in the anterior part of the frontal lobes, where the prolongations 
of white matter into the gyri were the seat of a remarkable destructive 
process resulting finally in cavity formation. In the earlier stages the 
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affected tissue was less firm to the touch than the normal white matter, 
and on section of the brain sank below the level of the adjacent cortex ; 
in areas of more advanced degeneration the tissue was greyish, gelatinous 
and translucent. At several places on both sides of the cerebrum actual 
cavities were present; this final stage, however, may have been due to 


Fic. 2.—Photograph (actual size) of a horizontal section through the frontal region. 
On the left side the white matter immediately under the cortex is sunken below the 
general level of the brain; on the right cavitation is seen. 


Fic. 3.—Diagram showing the area of the frontal lobes in which macroscopic changes 
were evident. 


shrinkage of the surrounding parts during fixation with rupture of the 
attenuated remains of the medullary substance. In many areas the 
overlying cortex was normal to the naked eye but in some it was 
reduced in thickness; here the deeper layers had obviously been eroded. 
At the uppermost part of the cerebral hemispheres, the process described 
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involved the subcortical white matter as far back as a point correspond- 
ing to the middle of the superior frontal gyrus; at a lower level the 
anterior third of the middle frontal gyrus and the anterior tip of the 
inferior frontal gyrus were involved; the lowest parts of the frontal 


lobes were spared (fig. 3). 

The general histology of the various regions of the brain was studied 
in celloidin and paraffin sections stained by iron-alum hematoxylin 
and van Gieson’s counterstain, and by toluidin blue. For the demon- 
stration of the neuroglia the Alzheimer fuchsin—light-green method, the 
Victoria blue method and Mallory’s phosphotungstic acid-hemat- 
oxylin method were employed. Other sections were stained by the 
Bielschowsky method for neurofibrils, by alum hematoxylin and 
Scharlach R. for fatty products of degeneration, and by the Kultschitsky- 
Pal method for myelinated fibres. 

Putamen.—Microscopically, the appearances in the putamen corre- 
ponded very closely with those in the putamen of Case 1, except that 
the changes were somewhat less severe and there were minor differ- 
ences in the character of the neuroglial reaction. 

Both types of neurons were considerably reduced in number, but the 
small nerve-cells were more affected, so that there was a relative 
numerical preponderance of large nerve-cells. At least this was true 
for the anterior part of the putamen; in the posterior part it was 
difficult to form an estimate on account of the greater overgrowth of 
neuroglia in that region. The type of neuronal degeneration was 
essentially the same as in Case 1. In the large neurons the nuclei were 
eccentric in position, irregularly shrunken and darkly staining; the 
nucleoli often eccentric and mulberry-shaped. The cytoplasm stained 
poorly or showed irregular basophil or argentophil masses; it was 
frequently not sharply differentiated from the surroundings, with 
ragged and eroded cell margins. Normally arranged Nissl substance 
was never visible. Satellitosis and phagocytosis were constant findings, 
and the most severely damaged nervous elements were represented by 
an irregular-shaped mass of palely staining debris surrounded and 
almost hidden by a cluster of neuroglial phagocytes. Many nerve-cells 
contained lipochrome pigment, or when stained with fuchsin light-green 
showed large fuchsinophil granules. The neurofibrillar network was 
demonstrable in some cells, but in others it presented signs of fragmen- 
tation with granular staining of the individual fibrils. The small 
neurons had also undergone severe degenerative changes and had lost 
their normal sharp contour; their protoplasm appeared granular and 
their nuclei were affected in the manner already described. 
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Great overgrowth of the neuroglia, particularly in the posterior 
half of the putamen, was the most striking feature on examination with 
the low power. This increased cellularity was not confined to the 
putamen but in places had extended into the external capsule, claustrum 
and the white matter underlying the island of Reil. Many of the 
cells possessed a nucleus of normal size with but little protoplasm ; 
others showed a definite and usually rounded body which varied in 
diameter up to three times that of the nucleus, while cells of the 
granular corpuscle type, often with pyknotic nuclei, were found in small 
numbers scattered through the tissues and around a few of the smaller 
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Fic. 4.—Low-power view of putamen, showing the greatly increased cellularity of 
the nucleus, 


vessels. Typical Alzheimer cells occurred with much greater frequency 
than in the cases previously described, three or four being present in 
almost every field examined: the majority of these had but little proto- 
plasm ; a few, however, showed large bodies provided with several stout 
processes. Occasionally an Alzheimer cell was seen lying in close 
proximity to a degenerating nerve-cell, but this appeared to be accidental, 
and there was no clear evidence that this type of cell had a phagocytic 
function. Rarely cells were encountered vying in size with Alzheimer 
cells but possessing nuclei with a normal amount of chromatin and no 
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nucleolus. On staining with Victoria blue a moderate number of 
neuroglial fibrils were seen, but not in proportion to the cellular increase, 
most of the neuroglial cells having formed no fibres; by Mallory’s 
method no fibres could be demonstrated. 

Various inclusions were seen in the neuroglial cells. (1) Lipoid 
giving the reactions of neutral fat and cholesterin formed the contents 
of the infrequent granular corpuscles, and was also found in a few of 
the fixed neuroglial cells. (2) Many of the larger neuroglial cells con- 
tained masses of yellowish-brown lipoid pigment which in its reactions 
resembled the lipochrome pigment of the neurons. (3) The smaller 
neuroglial cells often contained basophil-metachromatic material in the 
form of little irregular masses and small rods. 

In Kultschitsky-Pal preparations the radiating fibre tracts of the 
putamen were, on the whole, paler than normal; the various bundles 
differed in the degree of damage sustained, some containing many and 
others very few darkly-staining fibres. Apart, however, from those 
myelin sheaths which had obviously undergone degeneration, most, 
while colouring darkly with the hematoxylin, showed a succession of 
spindle-shaped and irregular swellings along their course. This appear- 
ance was also seen, but to a much slighter extent, in other regions of 
the brain where no gross pathological lesions were present, and then 
had probably but little significance ; only when the swellings were very 
numerous and present in every myelin sheath, as in the present case, 
was it accepted as an important finding. 

The capillaries and small vessels were definitely increased in number, 
especially in the posterior half of the putamen. “Calcified’’ degenera- 
tion bodies of lobulated form were commonly found in apposition to a 
capillary, or in or near the Virchow-Robin space of a larger vessel. 

Other regions of the basal ganglia.—In_ the caudate nucleus the 
nerve-cell changes were of a similar type to those in the putamen, but 
were less advanced in degree and involved no marked reduction in the 
numbers of either the small or the large neurons. The neuroglial cells 
were not appreciably increased in number, although Alzheimer cells 
occurred with great frequency. No myelin degeneration was detected 

in Kultschitsky-Pal sections, and granular corpuscles containing fatty 
products of nervous disintegration were of very infrequent occurrence. 

In the globus pallidus the neurons were somewhat swollen and 
without Niss] substance; their outlines were indefinite and ragged and 
the cytoplasm reticular. Lipochrome pigment was present in many 
and a few showed fuchsinophil granules. There was no notable 
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increase in the number of neuroglial cells present, but Alzheimer 
cells and cells containing yellow-brown lipoid pigment were fairly 
numerous, and a few granular corpuscles were met with in the tissues 
and in some of the Virchow-Robin spaces. The myelinated fibres 
corresponding to those degenerated in the putamen showed a similar 
degeneration here; otherwise no abnormality was seen with Kult- 
schitsky-Pal staining. Lobulated degeneration bodies were present in 
the neighbourhood of some of the vessels. 

The nerve-cells of the optic thalamus were similarly affected to 
those of the globus pallidus, and many Alzheimer cells were present. 

The internal capsule was normal. 

The hypothalamic nuclei showed no important changes apart from 
the presence of Alzheimer cells. 

Corter.—The remarkable lesions in the frontal lobes must now be 
described. The limits of the affected area have already been sufficiently 
defined, and it has been said that the process had its seat mainly in the 
white matter forming the prolongations of the centrum ovale into the 
cerebral gyri. In some of these tongues of medullary substance only 
the earliest stages of the process were visible; in others the more 
advanced stages. These were always found in the region nearest the 
summit of the gyrus and farthest from the centrum ovale ; the preceding 
stages were then seen nearer the centres of the hemispheres. In no 
case did the process extend for more than a few millimetres into the 
main mass of white matter, and the cortex was, at any rate at first, 
comparatively little damaged. The lesions are best summarized by 
dividing them into arbitrary stages, which however merged one into 
another without any sharp distinction. 

In the first stage the process consisted in a marked proliferation of 
the neuroglia and a lesser degree of proliferation of the small vessels. 
The cells lay in rows parallel to the direction of the myelinated fibres, 
and the vessels ran in a similar direction; this arrangement was 
obviously determined by the presence of those fibres, for in Kultschitsky- 
Pal preparations no gross degeneration had as yet occurred, each sheath 
staining darkly with hematoxylin, although every one showed a succession 
of spindle-shaped or irregular swellings along its course. At the same 
time the cortex contained a large number of newly formed vessels 
running in from the pia and branching freely in its substance, while 
the neuroglia was increased to a moderate extent, especially in the most 
superficial layers and again in the deepest layers. At this stage there 
was always a narrow zone of normal white matter immediately under 
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Fic. 5.—An early stage of the degeneration in the pre-frontal region. Above and to 
the right is the white matter of a gyrus, showing increased cellularity and new vessel- 
formation. Below and to the left the cortex is more cellular and vascular than normal. 
Between these two zones is a thin strip of normal white matter. 


Fic. 6.—A late stage in the frontal degeneration. The cortex (left) presents the same 
changes as in the preceding figure except in the deepest layers which are undergoing 
erosion. The underlying white matter (right) consists mainly of a loose-meshed neuroglial 
reticulum with comparatively few cells and vessels, 
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the cortex, which was rendered very apparent on account of the great 
cellularity of the white matter on the one hand and the moderate 
increase of cells in the cortex on the other (fig. 5). 

In the second stage excessive cellularity and vascularity were still 
prominent features in the white matter, which now presented minute 
splits and fissures, giving it a somewhat spongy appearance. The cells 
were no longer arranged in orderly fashion and the vessels ramified in 
every direction ; corresponding to this change in disposition the myelin 
sheaths were undergoing disintegration, and although a few still stained 
darkly and were abnormal only in possessing numerous varicosities, the 
majority stained feebly and were broken and fragmented. In the cortex 
new-formed blood-vessels were more numerous and the neuroglia had 
undergone further proliferation, but even now the nerve-cells were 
relatively little affected. The band of normal white matter adjacent to 
the cortex was no longer visible. 

The final stage of the process was that in which myelin destruction 
was complete in the white matter, although some axis-cylinders still 
stained by the Bielschowsky method. Vessels and neuroglial-cells were 
much less numerous ; the latter appeared at infrequent intervals and 
formed by intersection of their processes a wide-meshed reticulum 
which was obviously totally inadequate as a supporting structure. 
Destruction of the deeper layers of the cortex, extending sometimes as 
far outwards as the superficial layer of nerve-cells, had occurred in a 
few places, and these areas were occupied by a loose neuroglial reticulum 
indistinguishable from that in white matter. In many places, however, 
the cortex showed only vascular and neuroglial overgrowth, and 
myelinated fibres persisted in almost normal numbers. The cavities 
found on section of the brain may have been due to a solution in con- 
tinuity of the softened tissues during life; on the other hand it is 
easy to see that they may have been caused by a very slight trauma 
during removal of the brain from the cranium, or even by shrinkage of 
the surrounding tissues during fixation. 

Accompanying the degenerative changes in the underlying cerebral 
substance was a progressive thickening of the pia-arachnoid due to new 
formation of fibrous tissue; these membranes were infiltrated with 
lymphocytes but no plasma cells were discovered. 

As the morbid process advanced through the stages set forth above 
the predominating type of neuroglial cell altered, first one and then 
another of the following types coming into prominence. 

(1) Neuroglial cells with a nucleus normal in size and chromatin- 
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content and with scanty protoplasm, such as are usually present in the 
white matter, were the chief elements present both in the white 
matter and in the cortex during the first stage. The frequent grouping 
of several cells in close proximity suggested that they had originated 
from a single cell. 

(2) Cells of a similar type but possessing a definite body, the 
diameter of which was perhaps three times that of the nucleus, were 
present in small numbers, chiefly in the second and third stages. They 
were rounded in form without definite processes or fibres. 


Fic. 7.—High-power view of a portion of the white matter seen in fig. 6 to show the 
large fibre-forming neuroglial cells which were the most conspicious elements present at 
an advanced stage. 


(3) Granular corpuscles containing neutral fat and cholesterin pre- 
dominated in the white matter during the stage of myelin disintegration, 
were less numerous during the third stage, and were rare during the 
first stage and in the cortex. They lay free in the tissues or had 
migrated to the perivascular spaces where they formed cuffs for some of 
the smaller vessels. 

(4) Large, irregularly-shaped elements, four or five times the 
diameter of a normal glial nucleus, which appearing first during the 
second stage became finally the chief cells present. They contained a 
single nucleus occupying one corner of the cell body or two nuclei at 
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opposite poles of the cell; more rarely they were multinucleated. By 
intersection their processes formed the reticulum present in the last 
stages, and they were also attached by perivascular feet to the limiting 
glial membranes around the Virchow-Robin spaces (fig. 8). Many con- 
tained a few fine Scharlach-staining granules, often distributed around 
the periphery of the cell, but they were never completely filled with 
lipoid as were the granular corpuscles. 

With Victoria blue neuroglial fibres could be demonstrated, but they 
did not stain by Mallory’s method. A similar but more distinctly 
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Fic. 8.—Another photograph from the same region as the preceding illustrating the 
attachments of the enlarged neuroglial cells to the limiting glial membrane around a 
small vessel. 


fibrous type of cell was present in the most superficial layers of the 
cortex and to a less extent in its deeper layers. 

(5) Alzheimer cells were somewhat infrequent in the white matter 
but plentiful in the cortex. 

The new-formed blood-vessels in the affected zone were rich in 
endothelial cells, outside which was a fine layer of connective tissue; in 
some the endothelium contained numerous fine Scharlach-staining 
granules, while in others the walls were infiltrated with a few round 
cells. No plasma-cells were seen. 
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The nerve-cells of the frontal cortex were surprisingly well preserved 
until a late stage in the destructive process. As has been said, in some 
places only the most superficial or the first and second layers remained, 
and here the nerve-cells were dark, shrunken and irregular, with 
eccentric shrunken nuclei; in Bielschowsky sections no neurofibrillar 
network was seen and the cell processes were short and stump-like. 
Such areas of considerable and advanced cortical damage were however 


Fic. 9.—Kultschitsky-Pal section of two of the pre-frontal gyri. On the left myelin 
disintegration is complete in that part of the white matter most distal to the centrum 
semi-ovale ; this area corresponds to that seen in figs. 6 to 8. 


not frequent, and in immediately adjacent parts the neurons appeared 
much less affected, giving a normal Bielschowsky picture, although 


many contained lipochrome pigment and satellitosis was very much 
more obvious than in the healthy cortex. 

In the areas of myelin destruction, axons, as seen in Bielschowsky 
sections, were considerably more numerous than darkly-staining myelin 
sheaths ; in other words, the axons showed greater resistance and at 
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first were merely demyelinated, interruption in their continuity occurring 
only at a late stage. This observation explains the persistence in the 
cortex of normal myelinated fibres at a time when in the white matter 
the medullary sheaths of these fibres were in an advanced stage of 
disintegration; since the axons were as yet intact no secondary 
degeneration of that part of the fibre beyond the lesion had taken 
place. 

Other regions of the cortex showed certain changes, essentially the 
same throughout, but most intense in the middle and posterior parts 
of the frontal lobes and least marked in the occipital lobes. In all 
areas the nerve-cells were on the whole moderately well preserved. 
Some were slightly shrunken with a darkly-staining eccentric nucleus ; 
others with a somewhat ragged margin stained irregularly, but none 
of these alterations were of severe degree. Many neurons contained 
lipochrome pigment and satellitosis was common. In the frontal and 
parietal regions neuroglial cells were definitely in excess and Alzheimer 
cells were numerous; in the occipital cortex there was no overgrowth 
of neuroglia and Alzheimer cells were of infrequent occurrence. In 
that part of the frontal cortex adjacent to the area described above, 
proliferation of small vessels was evident, but elsewhere they were 
normalin number. Small droplets of fat were seen in the endothelium 
of some of the capillaries and here and there a perivascular space 
contained a few granular corpuscles. 

The cerebellum and dentate nucleus presented no important changes. 

Occasional Alzheimer cells were found in the mid-brain; apart from 
this the brain-stem and spinal cord were normal. 

The liver.—In this case the nodules of liver tissue were of greater 
size than in Cases 1 and 2, and attained a maximum diameter of 14 mm., 
while the fibrous-tissue strands between them were finer and rarely 
reached a width of 1 mm., being usually about } to } mm. wide. The 
line of demarcation between fibrous tissue and liver lobules was quite 
sharp, and in very few situations did fibrous tissue penetrate between 
the hepatic cells. Similarly, the central regions of the nodules were 
but rarely the seat of a pathological increase of connective tissue. 

Some nodules of liver tissue were intensely fatty and in these almost 
every cell contained Scharlach-staining material. Many cells were 
distended by a single large fat-globule often three times the diameter 
of a normal liver cell, around which the remaining protoplasm formed 
a covering of extreme tenuity; other cells contained several globules of 
medium size or occasionally numerous fine granules. In some cases 
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the nuclei of the liver cells were twice or thrice the normal diameter ; 
many were pale and vesicular, a few darker than normal or even 
pyknotic. 

Other nodules were almost entirely free from fat or showed only a 
few droplets in the neighbourhood of one or more of the central veins, 
and in such nodules the liver cells varied greatly in size. Generally 
speaking, those at the periphery were of normal or greater than normal 
size with correspondingly large nuclei. Around the central veins, 
however, numerous smaller cells were arranged in irregular groups 
separated by widely dilated capillaries; their protoplasm was more 


Fic. 10.—Photograph of a section of the liver (actual size) to show the coarse 
cirrhosis present. 


eosinophil than that of the peripheral cells and frequently contained 
two darkly-staining nuclei of very small size. In one or two places 
these centrally placed cells appeared to have undergone necrosis and 
there was a local infiltration with polymorphonuclear leucocytes. 

Many liver-cells contained small collections of bile pigments, and a 
few iron-containing granules were seen, chiefly in the Kupfer cells but 
also in some of the liver-cells proper. 

The fibrous tissue, which was relatively non-cellular, contained 
many blood-vessels and was sparsely infiltrated with round cells; no 
plasma cells or eosinophil leucocytes were present. Small bile-ducts 
were very numerous but no transition stages such as were seen in the 


BRAIN.,—VOL. XLIX. 4 














50 ORIGINAL ARTICLES AND CLINICAL CASES 
other two cases, between the lining epithelium of these and the liver- 
cells, were here observed. 

Cornea.—Although during life pigmentation had been observed only 
in the cornea of the right eye, microscopical examination revealed its 
presence also on the left side, though in somewhat smaller amount. 
The granules of pigment, dark brown in colour and closely packed 
together, occupied, as in other recorded cases, the membrane of 
Descemet, without encroaching upon either the posterior epithelial 
covering of the cornea or the corneal substance proper. ‘Chey did not 
extend to the limbus or to the centre of the cornea, but in both 
directions before disappearing completely became smaller and more 
sparsely scattered through the membrane. Various tests were made to 
determine their properties, with the following results :— 


Fic. 11.—Section of the cornea, showing the pigmentation of Descemet’s membrane. 





(1) Although reduced in number they did not completely dissolve in 
25 per cent. hydrochloric acid in three days. 

(2) They were not soluble in three days in 10 per cent. sulphuric 
acid. 

(3) Gmelin’s reaction was not obtained with nitric acid. 

(4) Glacial acetic acid produced no change in twenty-four hours. 

(5) They dissolved completely in 5 per cent. sodium hydrate in three 
days. 

(6) They were unaffected by strong ammonia. 

(7) An alcoholic solution of iodine followed by dilute ammonia partly 
removed the granules. 

(S) They were insoluble in ammonium sulphide in twenty-four 
hours. 
(9) No iron-reaction was obtained. 
(10) With hydrogen peroxide (10 vols.) complete bleaching occurred 
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in three days, but the melanin pigment of the iris was only partly 
decolorized in eight days. This unusual behaviour of the melanin 
pigment caused doubts to be cast upon the purity of the hydrogen 
peroxide, but a fresh sample of the solution from an entirely different 
source gave the same result. 

(11) The granules were not coloured by Scharlach R. or by neutral 
red. 

(12) They were insoluble in alcohol, ether, chloroform and xylol. 

Manganese contents of the organs.—The manganese contents of the 
brain and liver were kindly estimated by Dr. H. W. Dudley who obtained 
the following results :— 

Brain: 0°024 mg. per 100 gm. of fresh tissue. 

Liver: 0°160 mg. per 100 gm. of fresh tissue. 

The brain and liver of a case of subacute combined degeneration of 
the cord served as controls; the figures in this case were 0°020 mg. and 
0°117 mg. per 100 gm. of fresh tissue respectively. Dr. Dudley states 
that, in the case of lenticular degeneration, the figures are within the 
normal limits and that there is thus no suggestion of manganese 
poisoning. 


DISCUSSION. 


Compared with the two cases previously reported, the present case is 
remarkable not merely on account of the diffuseness of the pathological 
changes, for in our earlier paper we have emphasized the widespread 
incidence of the degeneration, but because here the lenticular damage 
was eclipsed by that in the frontal lobes. While the degenerative pro- 
cess in the putamen was entirely comparable in type and intensity with 
that of Case 1 and of many cases recorded in the literature, that in the 
pre-frontal region was of much greater severity and differed in certain 
particulars from the cortical damage previously described in a few cases 
of lenticular degeneration. Occurring in a member of a family 
undoubtedly affected by progressive lenticular degeneration’, it is of 
importance in confirming the opinion already expressed, that lenticular 
changes represent only a part of the nervous involvement in this disease, 
and shows conclusively that such damage is not even necessarily the 
chief feature. 

No record of an exactly similar condition of the cortex exists in the 


'It will be remembered that Dr. S. A. Kinnier Wilson in discussing these cases at the 
meeting of the Royal Society of Medicine in January, 1924, ‘‘ agreed that the clinical picture 
was quite consonant with that of progressive lenticular degeneration.” (Proc. of Royal So 
of Med., 1924). 
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literature, although one case in Spielmeyer’s series | 20] and Hadfield’s 
case [6] bear some degree of resemblance. In the former, the cortex 
of the occipital lobes presented circumscribed foci in which the altera- 
tions resembled those in the lenticular nuclei and consisted in a marked 
degeneration of nerve-cells together with proliferation of neuroglia and 
mesenchyme. In the latter case, small foci, not exceeding one square 
centimetre in dimensions, were found in the cortex, particularly that of 
the frontal lobes. Situated for the most part near the summits of the 
cerebral convolutions, these areas showed, in the deeper cortical layers, 
prolific new formation of small, well-developed blood-vessels with 
neuroglial overgrowth, neuronal degeneration and destruction of mye- 
linated fibres. The white matter was involved only to a slight extent, 
and there was no indication that the newly formed vessels were derived 
from those of the pia mater. 

In our present case, however, the lesions were of much greater 
intensity, having progressed in some areas to actual cavitation or to a 
stage immediately preceding this, and not only was the white matter 
involved but the morbid process reached here its maximum development. 
Increased vascularity was seen alike in the superficial and deeper 
cortical layers and in the white matter, and many new-formed vessels 
were seen penetrating the cortex from the pia mater, which was itself 
greatly thickened ; in the last stages, however, the vessels were much 
reduced in number. On the other hand the nerve-cells were compara- 
tively well preserved until a late stage, until, indeed, the process of 
rarefaction spread, as it did in a few places, into the cortex. Finally, 
the damage was not focal but was spread over a large part of the pre- 
frontal region and gradually diminished in severity when traced 
backwards. 

Considering the case as a whole, the following points appear worthy 
of mention. The neuroglial changes, as indicated first by the formation 
of the abnormal and peculiar Alzheimer cells and later by actual 
increase in the total number of neuroglial cells, together with the appear- 
ance of other pathological types, were more diffusely distributed than 
were marked alterations in the neurons, and were seen in some degree 
in many regions presenting no important neuronal degeneration. 
Secondly, while in most areas the nerve-cells were relatively little affected 
and even in the prefrontal cortex were for a considerable time well 
preserved in spite of advanced changes in the neuroglia and mesenchyme, 
in the putamen the nerve-cells were more severely and uniformly 
damaged, although the intensity of the degeneration was less here than 


in the prefrontal region. 
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With regard to the duration of the condition in the frontal lobes, it 
is clear that at the time of death tissue-destruction was in progress, for 
all stages of the process were seen, in some of which myelin disintegra- 
tion was actively proceeding. In the areas of more advanced damage, 
however, the paucity of granular corpuscles containing fatty products 
of degeneration and the type of neuroglial cell present suggested that 
here degeneration had occurred at a more remote period. In this con- 
nection we may recall that at an early stage of her illness the patient 
began to be “ hysterical”; the occurrence of psychical symptoms as one 
of the first manifestations of nervous disease indicates, perhaps, that 
even then the frontal lobes were the seat of pathological changes. It is 
also interesting to note that in Case 4 the earliest symptoms were 
psychical in character. 

When discussing, in our previous article, the relationship between 
the liver disease and the affection of the nervous system, we omitted to 
mention the important work of Pollak in this direction [14]. In 1913 
Fuchs produced an encephalitis in cats by guanidin feeding; more 
intense inflammation occurred if the liver had previously been removed 
from the circulation by an Eck’s fistula. The brains of these animals 
were examined microscopically by Pollak, who found in the cerebrum 
and to a less extent in the spinal cord a condition showing all the 
essential pathological changes of inflammation and indistinguishable 
from encephalitis lethargica; the cerebellum was not affected. 

In these experiments the changes were definitely those of inflamma- 
tion, whereas in hepato-lenticular degeneration inflammation is almost 
certainly not an essential factor in the pathology and if it does occur is 
merely a secondary or terminal event; nevertheless the experiments 
show that the liver does play a part in protecting the nervous system 
from noxious substances carried by the portal blood-stream and we have 
already stated our belief that a failure of this antitoxic function of the 
liver is primarily responsible for the nervous degeneration. 

Another point requiring brief consideration is the question as to 
whether progressive lenticular degeneration is in any way allied to the 
extraordinary familial disease recently described by Paterson and 
Carmichael [13] and of which another case had been reported by 
Schuster [18]. Symptoms consisting of apathy, apparent blindness 
without obvious retinal abnormality and wasting appear during the first 
few months of life and culminate in death; there is no paralysis or 
abnormal movement; the Wassermann reaction is negative. In most 
of the cases transitory jaundice had been noticed shortly after birth. 
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The most marked pathological changes were found in the putamen, 
where neuronal degeneration was in progress while neuroglial over- 
growth and vascular proliferation were prominent ; other regions of the 
basal ganglia were less affected. In the original cases the cortex 
showed both maldevelopment and active degeneration of its neurons ; 
the meninges at the base of the brain were thickened and the vessels 
in the region of the interpeduncular fossa infiltrated with lymphocytes, 
but no plasma cells were present. In these cases also the liver was 
normal, but in Schuster’s case it showed signs of a severe toxemic 
process in the shape of considerable fatty change. 

It will be apparent from this summary that the only points of 
resemblance between this disease and progressive lenticular degeneration 
are the familial incidence and the outstanding involvement of the 
putamen ; apart from these the two conditions are widely different. In 
the Paterson-Carmichael syndrome the onset is in earliest infancy, the 
liver is not grossly damaged, corneal pigmentation is not described and 
the characteristic Alzheimer cells have not been found. Familial 
incidence counts for little, so that while, in these two diseases, the 
putamen of the lenticular nucleus exhibits the most pronounced 
pathological alterations, there is at present no definite evidence that the 
conditions are in any way related. 

The Kayser-Fleischer Zone. 

In 1902, Kayser [9] described an unusual zone of pigmentation in the 
cornea of a man of 25 suffering from ‘‘ multiple sclerosis.”” Observed 
by ordinary daylight the central portions of the cornea were quite clear, 
but the periphery showed a zone of clouding and, near the limbus, the 
cornea was partly opaque and of a dark brownish-green colour. With the 
corneal microscope the opacity was seen to be caused by a collection of 
fine golden particles lying in the deeper layers of the cornea and obscuring 
the underlying iris; at the periphery the individual granules were large 
but nearer the centre were finer and more sparse. No mention was 
made of any liver condition, nor were the nervous symptoms described. 

It was Fleischer [+4] who first drew attention to this line or zone of 
pigmentation in two cases of pseudo-sclorosis proved at autopsy to be 
suffering from cirrhosis of the liver. In one of his cases pigment of a 
similar brownish-green colour was present also in patches on the face, 
neck and limbs. 

Some confusion has occurred with regard to corneal pigmentation 
by reason of the association of Fleischer’s name with another form of 
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pigment deposit which he described and which is associated with conical 
cornea. In this condition there is a mere ring of deposit, occurring 
around the cone and encircling it; Meesmann [11] came to the conclu- 
sion that it occurred only when Bowman’s membrane had been ruptured. 
This pigment line, usually referred to as “ Fleischer’s ring,’ has no 
etiological connection with the Kayser-Fleischer zone which we are 
here discussing. The latter is distinguished by its occurrence in eyes, 
the cornex of which are otherwise normal, by its much wider extent as a 
broad zone rather than a mere line, by its situation nearer the limbus, 
and by differences in the micro-chemical reactions of the pigment. In 
particular, the pigment of the Fleischer ring gives the Prussian-blue 
reaction for iron, while that of the Kayser-Fleischer zone has always 
been recorded as giving a negative response to this test. 

Since the publication of Fleischer’s paper a considerable number of 
observations has accumulated in which the Kayser-Fleischer zone of 
corneal pigmentation has been recorded. Pollock’s [15] case of progres- 
sive lenticular degeneration, three of the four cases of Hall [7} who 
studied this feature so fully, and the case of Greenfield, Poynton and 
Walshe [5], proved by histological examination to be one of lenticular 
degeneration associated with cirrhosis of the liver, are typical of the 
more recent observations on the association of corneal pigmentation 
with Wilson’s disease. At the same time several cases of pseudo- 
sclerosis have been added to those originally described by Fleischer as 
showing corneal pigmentation. Bostroem’s [2] case was described as 
one of pseudo-sclerosis. Dziembowski [3] discovered the pigmenta- 
tion in one case with clinical nervous symptoms resembling those of 
‘“‘tetanoid chorea,’ in one of the Wilson type (not confirmed by post- 
mortem examination), and in a third case in which the nervous 
symptoms were negligible but in which urobilinuria was present. 
Oppenheim’s [12] two cases of pseudo-sclerosis; Rausch and Schilder’s 
[16] two cases, also called pseudo-sclerosis ; together with those of 
Striimpell [21], Sdéderbergh [19], and Westphal [22], were all cases 
in which the diagnosis of pseudo-sclerosis with reservations in favour 
of Wilson’s disease, was made. 

In our own cases no evidence of the presence of the Kayser- Fleischer 
line was obtained by ordinary focal illumination; when three of the 
cases were shown at the Royal Society of Medicine in London in 
January, 1924, none of those who examined the cases was able to 
detect its presence. It was only when a slit-lamp examination was 
undertaken by Mr. Harrison Butler, in June, 1925, that a positive 
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finding was made in one of the two children examined (Phoebe B., 
Case 2). Even then it is doubtful if any but an expert in slit-lamp 
microscopy would have recorded a positive result. 

It would appear from the foregoing that a positive finding of the 
zone of corneal pigmentation is of far greater importance than a nega- 
tive observation, and that statements of its absence can only be accepted 
as accurate if a slit-lamp examination has been made. If therefore we 
are to analyse cases of lenticular degeneration on this basis, it is the 
positive findings that are of most value. Looking through the record 
of such positive cases, we are at once struck by the fact that whatever 
clinical term has been applied to the condition during life, no case in 
which the zone was present has ever failed on autopsy to show cirrhosis 
of the liver. Even those cases where no post-mortem records are 
available strongly support the view that cirrhosis existed. Considering 
the relative rarity of this sharply-defined type of corneal pigmentation, 
the coincidence of its presence in cases of juvenile cirrhosis, with the 
fact that it is never observed in other conditions, is so remarkable that 
we are driven to the conclusion either that some common factor is 
present, or that the one condition is dependent on the other. 

Hall analysed the cases in which the eyes were examined for corneal 
pigmentation and found that of sixteen cases described in the literature 
as pseudo-sclerosis, all showed corneal pigmentation; of nine cases 
described as Wilson’s disease, four showed pigment and five did not. 
To this list we may now add three cases, all described as Wilson’s 
disease, namely, Greenfield’s case and two of our own (Cases | and 2). 
The record then stands as twelve cases of Wilson’s type, in six of which 
the Kayser-Fleischer line was present. 

We are thus forced to the conclusion that the corneal pigmentation 
cannot be relied upon to define a diagnosis as between Wilson’s disease 
and pseudo-sclerosis. It is quite possible that slit-lamp examination at 
a late stage might have revealed a poorly developed line even in some 
of the cases recorded as negative, and that further cases of Wilson’s 
disease examined in this way may show a larger percentage with corneal 
pigmentation. 

The cases of Thomalla’s torsion-spasm as yet recorded are very few, 
and in none of them has the Kayser-Fleischer zone of pigmentation 
been described. Both clinical and post-mortem observations in con- 
siderable numbers are, however, required before we are prepared to 
admit that a disease which in general characters so closely resembles 
the other forms of hepato-lenticular degeneration may not also give 
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rise to this unusual form of pigmentary deposit. A single positive 
observation would be sufficient to establish the essential similarity of 
this disease process to the conditions of pseudo-sclerosis and progressive 
lenticular degeneration. 

Only three cases in which the Kayser-Fleischer zone was detected, 
but in which either no nervous disease was present, or the symptoms 
described were not those of Wilson’s disease or pseudo-sclerosis, can be 
found in the literature. The original case of Kayser, described in 1902, 
and considered by him to be a congenital abnormality, was called 
‘“‘ multiple sclerosis’’; no details of the nervous symptoms are given, 
nor is any record made of the condition of the liver. At that period 
pseudo-sclerosis was not a well-recognized condition, and Wilson's 
monograph had not yet appeared; it is therefore probable that this 
case was also one of hepato-lenticular degeneration. Kraupa’s case [10] 
is of great interest in that there was a Kayser-Fleischer line in a boy 
with evidence of cirrhosis of the liver but with no observable nervous 
disease. Dziembowski’s case [3], in which no obvious nervous damage 
could be identified, was one of a family of which two other members 
(also showing corneal pigmentation) suffered from pseudo-sclerosis. 
Jendralski’s [8] family was very similar to our own. ‘Two cases (aged 
17 and 12) suffered from Wilson’s disease with corneal pigmentation ; 
a third died of cirrhosis of the liver with ascites but without nervous 
symptoms, and had distinct corneal pigmentation. 

Thus corneal pigmentation has been found in cases described as 
pseudo-sclerosis and as Wilson’s disease, and in three cases without any 
observed nervous signs; but in every one in which a _ post-mortem 
examination of the viscera has been made the presence of cirrhosis of 
the liver has been demonstrated. It seems clear, therefore, that the 
corneal pigmentation may be deposited at a stage before the nervous 
symptoms are so far developed as to give rise to observable clinical 
signs ; further, such evidence as we possess inclines us to believe that 
it never occurs before the liver is diseased, but we realize that this 
conclusion can only be established when much more accurate methods 
than are available to-day have been devised for recognizing early 
hepatic cirrhosis. 

Consideration of the other findings in this case (No. 2) adds con- 
firmation to the opinion previously expressed that there is no essential 
difference between the recently published cases of pseudo-sclerosis and 
those of Wilson’s progressive lenticular degeneration, but that the 
varying symptoms are to be ascribed to the varying degree to which the 
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lenticular nuclei are damaged and also to the amount of extra-lenticular 
damage present. 


Microchemical Reactions of the Corneal Pigment. 


With regard to the exact distribution of the corneal pigment, 
Fleischer [4] found that in the cornea it was confined to Descemet’s 
membrane and did not extend either to the angle of the anterior 
chamber or to the centre of the cornea, an observation confirmed by 
subsequent investigators and also made in the present case; he detected 
a similar substance in the skin, meninges and connective tissue of the 
liver and kidneys. Its reactions were those of the pigment in argyria 
and chemical examination of the renal tissue revealed traces of silver ; 
since however the pigment in argyria is never, as far as is known 
confined to Descemet’s membrane, he concluded that the substance in 
question was probably not silver. 

Rumpel [17], who found appreciable amounts of silver in the liver 
and kidneys, considered that the pigment was silver or a combination 
of that metal, but, as Hall points out, he did not examine the 
corresponding organs of a normal individual and we are not at present 
sufficiently informed as to the silver content of the viscera to agree with 
this conclusion. 

Hall [7] believes that the visceral deposits described by Fleischer 
and present also in his own case were probably of the nature of formol 
precipitates ; the substance in the cornea, on the other hand, seen alike 
in formalin-fixed and alcohol-fixed material, is a true pigment. He 
gives a very full list of its microchemical reactions, which agrees with 
and at the same time amplifies that of Fleischer; most of the reactions 
mentioned have been carried out in the case here described, with results 
somewhat different from those obtained by Hall. These differences are 
seen in the table on the next page. 

Hall came to the conclusion that the pigment was endogenous and 
was derived from hemoglobin, though containing no iron; he was 
satisfied that it was neither hematoidin nor hemosiderin on the one 
hand, nor a lipochrome such as would stain with Sudan III on the other. 
He considered that its reactions were nearer to, though distinct from, 
those of the pigment deposited in cases of malaria, or to those of the 
“pigment formolique”’ of Hueck, the latter being produced by the 
action on a blood-derived pigment of the impurity of formic acid so 
frequently present in the formol solution used as a fixative. 

In the case recorded by Greenfield, Poynton and Walshe [5], in 
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which the eye was fixed in alcohol, the corneal pigment was not 
decolorized by four days’ treatment with hydrogen peroxide. It gave 
no iron reaction and was decolorized in two hours by 25 per cent. 
hydrochloric acid, but 12 per cent. hydrochloric acid for one hour failed 
to affect it. 





Reagent H Present 

























25 per cent. HCl a -. Easily soluble o« -. | Not completely soluble in 
| three days 

H.S0., .. i - .. | Insoluble “s ‘i .. | Insoluble 

Gmelin’s test .. os .. | Negative ‘s we -. | Negative 

Glacial acetic acid .. .. | Insoluble “ 7 .. | Insoluble 

Alkalies os on .. | Unaffected by 33 per cent. | Soluble in three days in 5 per 

KOH cent. NaOH 

Ammonia - im .. | Insoluble si “ .. | Insoluble 

Hydrogen peroxide .. .. | Notaltered .. Se -- | Decolorized 

Ammonium sulphide.. .. | Easily soluble - -. | Insoluble in 24 hours 

Iron reaction .. ae .. | Negative < “ -. | Negative 

Alcoholic iodine followed by | Decolorized .. ee .. | Only partly decolorized 

dilute ammonia 
Stains .. “s os .. | Not coloured by Sudan, neu- Not coloured by Scharlach or 


tral red or thionin neutral red 








Whether these differences in the reactions of the pigment indicate 
that we are dealing with a different substance from that in previously 
recorded cases, or with a different stage in the formation of the same 
substance, can only be a matter for speculation and it appears sufficient 
at the moment merely to record the facts. In neither our case nor 
in those of Hall and other observers are the reactions as a whole those 
of any norma! body-pigment, or of any pigment found in the commoner 
pathological conditions, nor are they in accordance with the view that 
the deposits consist of silver (or manganese). 

In conclusion, we have much pleasure in expressing our thanks 
to Dr. J. G. Greenfield, of the National Hospital for the Paralysed, 
who once more afforded much valuable help and criticism during the 
pathological investigation; to Dr. H. W. Dudley, of the National 
Institute for Medical Research, who kindly carried out the chemical 
analysis of the brain and liver; and to the Medical Research Council 
for a grant defraying the expenses of the research. 
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INTRODUCTION. 


THE posture of the head which has unfortunately become known 
as “‘ cerebellar’’ was first described by F. E. Batten in 1903 in a paper 
“On the Diagnostic Value of the Position of the Head in Cases of 
Cerebellar Disease’ [1]. Batten reported two cases in which the head 
was held rotated so that the occiput was turned to one side and the chin 
to the other, and at the same time flexed to the side towards which the 
occiput was directed. One of these patients had a tuberculoma of the 
right cerebellar hemisphere, and in this case the head was rotated so 
that the occiput was directed to the left, and flexed to the left. 
Throughout this paper the head in such a posture will be shortly 
described as rotated and flexed to the left, being regarded as rotated 
towards that side to which the occiput is directed. The second patient 
had internal hydrocephalus without a gross lesion of the cerebellum, and 
the head was rotated and flexed to the right. Batten concluded that in 
patients with a unilateral lesion of the cerebellum the head is rotated 
and flexed to the side opposite to that of the lesion; but he recognized 
that the posture of the head which he described might occur without a 
gross lesion of the cerebellum. He observed that in certain respects it 
differed from the posture described by Risien Russell as following 
experimental extirpation of one cerebellar hemisphere in animals. 

Stewart and Holmes [21], in 1904, published observations showing 
that in patients with a tumour of one cerebellar hemisphere the head is 
commonly flexed towards the side of the lesion, rarely to the opposite 
side. They also noted that this posture of the head might occur as a 
result of tumours of the pons, mid-brain or even fore-brain. Laruelle 
[12], in 1906, described a case of sarcoma of one cerebellar hemisphere 
in which the head was held flexed and rotated to the opposite side. 
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Gordon [6] two years later published six cases of cerebellar tumour 
exhibiting this posture, four of which were verified at autopsy. In four 
cases the head was rotated and flexed to the side opposite to that of the 
lesion, in the remaining two cases it was at first rotated and flexed to 
the side of the lesion, but in the course of the illness this posture 
was reversed so that it finally became rotated and flexed to the 
opposite side. Holmes [8] has observed the rotated posture of the 
head as a result of gunshot wounds involving the cerebellum, but in his 
review of the symptomatology of cerebellar lesions [9] he states that it 
is doubtful whether it is a true cerebellar attitude. Starr [20] has 
observed the posture in patients with an acoustic nerve tumour, of which 
he regards it as an important sign; the head being rotated and flexed 
towards the side of the lesion. He is uncertain whether the posture is 
to be ascribed to loss of tone in the muscles of the neck, or to the weight 
of the tumour; but he is inclined to favour the latter explanation. 
Cushing [3] has also observed the posture in patients with an acoustic 
nerve tumour and notes that “‘ the mastoid is usually drawn towards the 
shoulder” on the side of the tumour. He rejects Starr’s explanation 
and regards the posture as “a protective tilting of the head’’ due to 
suboccipital pain and discomfort. He considers that the sign is “not a 
particularly valuable one.”’ 

Wilson [24] considers the posture “in reality part and parcel of the 
posture of decerebration” and suggests that the posture of head 
retraction which occurs in meningitis should be regarded as the sum of 
two unilateral “ cerebellar”’ postures in which the rotatory elements 
cancel, while the retracting elements co-operate. The “ cerebellar ”’ 
posture he therefore regards as the posture of the head in unilateral 
*‘ decerebration,’”’ and he notes that it is often the result of a mesen- 
cephalic lesion, the cerebellum being intact. 

Horsley [10], in the same year in which Batten’s paper appeared, 
reported a case of cerebellar tumour showing the “ cerebellar” attitude 
of the head. He returned to the subject in the Cavendish Lecture [11 | 
for 1909. Here he advanced the view that ‘the so-called cerebellar 
attitude can be proved to be not cerebellar but vestibular.’”’ He pointed 
out that a similar posture of the head had been found by Ewald to 
result from unilateral labyrinth extirpation, and that Ewald’s observa- 
tion had been confirmed by many other investigators. He supported 
his contention with photographs of a hen and a pigeon, both of which 
exhibited the rotated posture of the head and were found to have a 
unilateral otitis interna. 


‘ 
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I believe Horsley’s view as to the nature of the rotated posture of 
the head to be essentially correct, though the posture may be produced 
by lesions elsewhere than in the internal ear, and for this reason 
is better not called ‘‘ vestibular,” as Horsley suggests. It is the object 


of this paper to report sixteen cases in which it occurred and to discuss 
its physiological and clinical significance. 


CASES EXHIBITING THE ROTATED POSTURE OF THE HEAD. 


(1) Acute non-suppurative otitis interna.—Frederick B., aged 48, was 
suddenly attacked with severe giddiness, associated with tinnitus and rapidly 
progressive deafness in the right ear and right-sided headaches. He was in 
bed for a week during which he vomited if he turned his head. On getting up 
his gait was staggering and he tended to fall to the right. When examined 
seventeen days after the beginning of his illness there was no evidence of 
organic disease of the nervous or cardio-vascular systems. His blood-pressure 
was 13080. His aural condition was investigated by Mr. Courtenay Mason, 
who reported that there was complete cochlear deafness on the right side and 
slight reduction of cochlear function on the left. The response to vestibular 
tests was not investigated until six weeks after the onset of the illness. The 
right labyrinth was then slightly less sensitive to caloric tests than normal, 
while the left was normal. There was slight hypertrophic rhinitis, and well 
marked infection of the gingival margin and of the tonsils. 

Posture of head: rotated and flexed to right. 

(2) Acute suppurative otitis interna secondary to chronic suppurative otitis 
media. Harry M., aged 21, had had an intermittent discharge from the left 
ear since childhood. Two weeks before admission to the London Hospital he 
began to suffer from attacks of severe giddiness in which he fell to the left. 
Three days before admission these were associated with headache and vomiting. 
His temperature on admission was 101'8*° F. and his pulse 80. Complete 
mastoidectomy was performed by Mr. F. Muecke, and he made a good recovery. 
When examined thirteen days after the operation he was free from vertigo. 
There was well-marked nystagmus on lateral fixation to the left and slight 
nystagmus on lateral fixation to the right. There were no physical signs of 
organic disease of the central nervous system. 

Posture of head: rotated and flexed to left. 

(3) Chronic non-suppurative otitis interna.—Robert H., aged 44, has 
suffered for two and a half years from tinnitus and progressive deafness of the 
right ear, and for two years from attacks of giddiness, which were at first 
severe enough to confine him to bed, but are now milder. In the attacks 
objects appear to move from left to right, and he falls backwards and slightly 
to the left: there is no vomiting. He finds he can bring on the attacks by 
putting a finger in the right ear. In addition to the severe attacks he has a 
persistent feeling of slight dizziness and his gait is a little unsteady. There is 
no history of aural discharge. There are no nystagmus, and no physical signs 
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of organic nervous disease. His aural condition was investigated by Mr. 
Norman Patterson, who reported that the right membrana tympani was 
retracted, the left normal. Weber: was lateralized to the left ; air-conduction 
was better than bone-conduction on both sides, but both air-conduction and 
bone-conduction were much reduced on the right. Caloric tests: left ear 
nystagmus in one and a quarter minute, lasting half a minute; right ear, no 
nystagmus after two minutes. 
Posture of head : rotated and flexed to right. 


Fic. 1.—The rotated posture of the head and skew deviation of the eyes in a patient with 
chronic non-suppurative otitis interna on the right side. (Case No. 4.) 


(4) Chronic non-suppurative otitis interna.—Arthur M., aged 45, whose 


photograph appears in fig. 1, has suffered for six years from attacks of severe 
giddiness, tinnitus and progressive deafness of the right ear. In the attacks 
of giddiness, which last from a few minutes to half the day, he falls to the right 
and recently in falling fractured two ribs on the right side. He does not vomit 
in the attacks. He recently had a deflected nasal septum resected and several 
polypi removed from the right side of the nose, but without relief of his 
symptoms. Nystagmus occurs on fixation to the right and upwards; there is 
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slight skew deviation of the eyes, the right looking somewhat downward and 
inward and the left slightly upward. There is no evidence of organic disease 
of the nervous system. His aural condition was investigated by Mr. W. 
Morris, who found a retracted membrana tympani on the right side. Weber 
to the left; on the right side air and bone conduction were both reduced ; 
Rinne doubtful. On the left air and bone conduction were normal; Rinne 
positive. The response to rotation tests on both sides was normal. 

Posture of the head: rotated and flexed to right (fig. 1). 












(5) Chronic non-suppurative otitis interna.—Albert R., aged 38, since 1918 
has suffered from attacks of giddiness in which objects appear to rotate from 
right to left while he tends to fall to the left. He does not vomit in the 
attacks. In addition to the attacks he constantly has a feeling of unsteadiness 
in walking and tends to deviate to the left when he walks. He has no tinnitus 
or deafness. There is no history of aural discharge. There is nystagmus on 
lateral fixation to the right, but no evidence of organic disease of the central 
nervous system. When standing with the eyes closed he sways to the left 
and deviates to the left in walking. Aural examination by Mr. W. Morris: 
Weber to left; slight reduction of bone conduction in both ears. Membranz 
tympani normal. Rotation tests: horizontal canals, normal response both sides 
Posture of head: rotated and flexed to left. 















(6) Glioma of the pons (autopsy).—John W., aged 10, has suffered for three 
months from weakness of the right upper ‘and lower limbs and giddiness. 
Intelligent boy, but excitable and over-emotional. Fundi and pupils normal: 
weakness of the left external rectus and of conjugate deviation to left; 
nystagmus to right and left. Weakness of voluntary movement of right side 
of face, soft palate and tongue, and of the right upper and lower limbs: coarse 
choreiform movements and hypotonia in left upper and lower limbs. No 
sensory loss. Tendon-jerks brisker on right than left side; plantars: right 
extensor, left flexor. 

Posture of head: At first rotated and flexed to right: later sometimes to 
right and sometimes to left. 

Autopsy : Glioma occupying the pons with the exception of a strip up to 
0°7 cm. broad on the right side and a strip 0°2 cm. broad beneath the floor of 
the fourth ventricle, and reaching the tegmentum of the left side at the level 
of the posterior corpora quadrigemina. 
















(7) Glioma of the pons (autopsy).—Jeanette G., aged 9, was brought to the 
hospital on account of headache, vomiting and vertigo of five weeks’ duration. 
For three weeks her head had been tilted to the right side. When first 
examined she showed weakness of the left external rectus ; nystagmus to right 
and left; absence of the left corneal reflex; slight weakness of the left side of 
the face and soft palate, and of the right side of the tongue. Slight nerve 
deafness on the left side. Inco-ordination on both sides, more marked on the 
left than the right; no sensory loss; tendon-jerks brisker on the right than 
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Later she developed 





the left; plantar reflexes: right extensor, left flexor. 
dysarthria, bilateral papillceedema, progressive loss of conjugate deviation to 
right and left; increase in the inco-ordination, progressive right hemiparesis 
with impairment of tactile discrimination, and discrimination of shape on the 
right side and bilateral extensor plantar responses. 

Posture of the head: head throughout the illness was maintained rotated 
and flexed to right. 

Autopsy : Glioma occupying the whole of the left side of the caudal half of 
the pons, with the exception of a strip 05 cm. wide beneath the floor of the 
fourth ventricle, the ventral 1°5 em. of the right side of the pons, the ventral 
portion of the cephalic half of the pons on both sides, the left side and ventral 
part of the right side of the cephalic extremity of the medulla. 


(8) Pyzwmic abscess of the pons.—Reginald O., aged 15, in 1923 suffered 
from a suppurative arthritis of the left hip. In July, 1925, he began to suffer 
from headaches, vomiting and drowsiness; and later from diplopia. In 
September he had several convulsions. On examination: right fundus normal, 
left slight papilledema; pupils normal; weakness of conjugate deviation of 
the eyes to the left; nystagmus to right, left and upwards; weakness of the 
left side of the face, upper and lower; left nerve deafness; weakness of the 
left side of the soft palate. Relative anzsthesia and analgesia over the left 
side of the face ; left corneal reflex diminished ; right hemiparesis with increased 
tendon-jerks and an extensor plantar response on the right side; left plantar 
response flexor. No sensory loss. 

Posture of head: rotated and flexed to right. 

Autopsy: Abscess surrounded by thick area of gliosis occupying the ventral 
part of the caudal half of the pons on the leff side, extending a short distance 
into the left middle cerebellar peduncle and in the cephalic direction slightly to 
right of the midline. 


(9) Metastatic sarcoma of the pons (no autopsy).—Archibald L., aged 16 ; 
in 1922 he developed a sarcoma of the lower end of the femur for which the 
left lower limb was amputated. In 1924, he began to suffer from numbness 
beginning in the right foot and gradually spreading up the right side of the 
body. Later, the left side of the face became paralysed and he began to see 
double. Vomited ten days before examination. On examination: Fundi and 
pupils normal: weakness of left external rectus, nystagmus to right and left, 
Weakness of the jaw muscles on the left side; no deafness; right hemiparesis 
with increased tendon-jerks and an extensor plantar response on the right side. 
Relative anesthesia and analgesia, with loss of tactile discrimination, dis- 
crimination of shape and appreciation of heat, cold and vibration on the right 
side. Later he developed papillcedema, weakness of conjugate deviation of the 
eyes to the left, and loss of postural sensibility on the right side. 

Posture of head: rotated and flexed to right. 


(10) Tumour of the pons (no autopsy).—Rose B., aged 40, has suffered for 
several years from headache, vomiting, progressive visual failure, diplopia, 
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dysarthria, and unsteadiness of the left hand and of gait. There are secondary 
optic atrophy, nystagmus on lateral fixation to right and left, complete para- 
lysis of the left external rectus, deviation of the jaw to the left, relative anws- 
thesia and analgesia over the left side of the face and soft palate, absence of 
the left corneal reflex, weakness of the left side of the face and soft palate, and 
slight nerve deafness on the left side. Gross signs of cerebellar defect on the 
left side, slight on the right, and a right extensor plantar response. 
Posture of head: rotated and flexed to right. 


(11) Cystie glioma of the lefi cerebellar hemisphere.—Margaret S., aged 10, 
complained of headache, vomiting, progressive visual failure, transitory attacks 
of diplopia and unsteadiness of the hands, all of four months’ duration. There 
were bilateral papilledema with great impairment of vision, nystagmus on 
lateral fixation to the right, weakness on the left side of the face, hypotonia 
and inco-ordination on the left, and an extensor plantar response on the right. 

Posture of head: rotated and flexed to left. 

At operation a cystic glioma of the left cerebellar hemisphere was discovered 


and partly removed. 


(12) Cystic glioma of the right cerebellar hemisphere (autopsy).—Mar- 


garet C., aged 8, suffered from headache, vomiting, staggering gait, attacks of 


unconsciousness and progressive adiposity, of one year’s duration. The skull 
was hydrocephalic with marked craniotabes. Secondary optic atrophy was 
present. There were nystagmus on lateral fixation to right and left, weakness 
of conjugate deviation of the eyes to the right. and slight right facial weakness, 
slight inco-ordination on the right, and bilateral extensor plantar responses 

Posture of head: rotated and flexed to left. 

Autopsy showed that the greater part of the right lobe of the cerebellum 
was replaced by a glioma, leading to great compression of the right dorsal 
aspect of the medulla. 


(13) Cystic glioma of the right cerebellar hemisphere.—Beatrice B., aged 36, 
gave a history of having suffered for twelve months from headache, vomiting 
and unsteadiness of the right upper and lower limbs. There were bilateral 
papilleedema, nystagmus on lateral fixation to the right and left, hypotonia 
and inco-ordination on the right side. 

Posture of head: rotated and flexed to right. 

Suboccipital decompression exposed a cystic glioma of the right cerebellar 
hemisphere. 

(14) Two angeiomata, one invading the left cerebellar hemisphere and one in 
the choroid plexus of the descending horn of the right ventricle (autopsy), 
Helen Y., aged 31, had suffered for five years from headache, vomiting, 
vertigo and unsteadiness of left upper and lower limbs. There were bilateral 
secondary optic atrophy ; nystagmus on lateral fixation of the eyes to right and 
left; slight hypotonia and gross inco-ordination of the left side; slight defect 
of postural sensibility on the left, and a left extensor plantar response. 
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Posture of head rotated and flexed to left. 
Autopsy : Large angeioma, 5 cm. by 3 cm. by 3 em. invading anterior 
aspect of left cerebellar hemisphere and compressing left seventh and eighth 
nerves ; second smaller angeioma in choroid plexus at entrance to descending 
horn of right lateral ventricle. 


(15) Tuberculomata in the right cerebellar hemisphere and in the left temporo- 
sphenoidal lobe (autopsy).—Frederick K., aged 3, was brought to hospital on 
account of headache, irritability and convulsions. There were bilateral papill- 
cedema, nystagmus on lateral fixation to right and left, and hypotonia, more 
marked in the left than in the right limbs. 

Posture of head: rotated and flexed to left. 

(16) Tumour of the right cerebellar hemisphere (unverified).—Edward B., 
aged 41, has suffered for six months from headache, vomiting, impairment of 
vision, slight vertigo, tinnitus in the right ear, and slight dysarthria. There 
are bilateral papilloedema, nystagmus on fixation to the right, left and upwards, 
most marked to the right; deviation of the jaw to the right, weakness of the 
movements of the lower face and tongue on the left, signs of cerebellar defect 
on the right side and a left extensor plantar response. 

Posture of head: rotated and flexed to right. 



















TRE PHYSIOLOGICAL SIGNIFICANCE OF THE ROTATED POSTURE OF 
THE HEAD. 


The rotated posture of the head may occur in animals as a result 
either of experimental injury or of disease; and it may be produced 
by lesions of the internal ear, eighth nerve, pons, mid-brain or fore- 
brain. 

Since the classical researches of Ewald, this posture has been 
described as a result of experimental lesions of the internal ear or eighth 
nerve by many writers. Loeb[13] and Maxwell [15] have described 
it inselachians; Trendelenburg and Kiihn [22] in reptiles; Griffith [7] 
in rats; Fisher and Miiller [5] and Prince [18],[19] in cats; Wilson 
and Pike [23] in dogs, cats and rats; and Magnus and de Kleijn [14] 
in monkeys, dogs, cats, rabbits and guinea-pigs. It has been observed 
to result from disease of the internal ear by Horsley [11] in domestic 
fowl and pigeon, by Detlefson [4] in rats, and by the present writer in 
rabbits. Its relation to lesions of the pons, mid-brain and fore-brain 
has been investigated by Muskens [16], [17]. 

It is to Magnus and de Kleijn [14] that we owe the elucidation of 
the relation between the rotated posture of the head and unilateral 
labyrinth extirpation. These workers have shown that it forms part of 
a rotated posture of the whole body which is one of the permanent 
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results of this lesion. The head is rotated so that the occiput is 
directed to the side from which the labyrinth has been removed and 
the snout to the opposite side. The head is also flexed to the side of 
the lesion. The thorax is rotated on the pelvis in the same direction, 
the attitude of the body being described by Magnus as a spiral posture- 
Associated with this posture are rolling movements of the animal 
around its longitudinal axis to the side of thelesion. These movements, 
which pass off in time, are interpreted by Magnus as attempts at pro- 
gression made by an anima! whose body is spirally twisted, and which 
cannot advance straight forward but moves like a screw. They are 
therefore considered by Magnus as secondary to the spiral posture of 
the body. 

It may be regarded as established, then, that the rotated posture of 
the head is a constant and conspicuous result of unilateral labyrinth 
extirpation or section of the eighth nerve on one side. Its occurrence 
as a result of disease of the internal ear in animals is of considerable 
clinical interest. Detlefson [4] observed it in seventy-two rats suffering 
from unilateral otitis media, the occiput being directed to the side of the 
affected ear. He was able to demonstrate that the posture was always 
associated with a diminution in response to tests of labyrinth function 
on the affected side. The present writer [2] has demonstrated that the 
so-called convulsions which occur in rabbits suffering from insulin hypo- 
glycemia are in reality mainly disturbances of equilibrium, in which the 
animals frequently exhibit the rotated posture of the head and body and 
rolling movements around the longitudinal axis. Such animals show a 
diminished or absent response to caloric tests of labyrinth function on 
the side to which the occiput is rotated and to which the animal rolls. 

So far we have been concerned with lesions of the internal ear or 
eighth nerve. It might be expected that lesions of the pons and brain- 
stem would produce similar disturbances when they lead to destruction 
of the paths of impulses from the labyrinth. Many workers have 
described rolling movements as a result of lesions of the brain-stem. 
Recently Muskens [16] [17] has produced experimentally lesions of 
the pons and mid-brain in cats and has correlated the resulting physio- 
logical disturbances with the situation and extent of the lesion as 
revealed by careful histological examination. Muskens recognizes that 
the rotated posture of the head is a partial form of the rolling move- 
ments around the longitudinal axis of the body to one side. He states 
that this movement occurs towards the side of the lesion as a result of 
a unilateral lesion of the following structures: (1) The vestibular root 
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of the eighth nerve: (2) Deiters’ nucleus; (3) an ascending tract from 
Deiters’ nucleus which runs in the outermost part of the lateral horn 
of the posterior longitudinal bundle to the tegmentum and the caudal 
part of the posterior commissure (interstitial nucleus) ; and (4) the inter- 
stitial nucleus itself. Rolling around the longitudinal axis of the body 
towards the normal side occurs as a result of a lesion of (1) the descend- 
ing branch of the vestibular nucleus ; (2) an ascending (crossed) tract 
from the interstitial nucleus to the putamen of the opposite side; and 
(3) a descending interstitio-spinal tract in the innermost section of the 
posterior longitudinal bundle. 

Whether or not we regard as established the precise localization of 
these tracts, Muskens appears to have proved that the rotated posture 
of the head and rolling movements around the longitudinal axis may 
follow unilateral lesions of the pons and mid-brain and even fore-brain, 
the rotation being directed in some cases towards, and in other cases 
away from, the side of the lesion, according to its situation. 

Both Muskens and Wilson and Pike state that this posture never 
results from lesions confined to the cerebellum. 

To summarize the preceding part of this section we may say that: 
(1) the rotated posture of the head is part of a rotated or spiral posture 
of the whole body; (2) this spiral posture is intimately related to and 
is the cause of rolling movements of the body around the longitudinal 
axis to the side towards which the body is rotated; (3) these symptoms 
may be produced experimentally by (a) extirpation of the labyrinth on 
one side; (b) section of the eighth nerve on one side, in both of which 
cases the rotation of the body and the rolling movements are directed 
towards the side of the lesion; or (c) lesions of the pons, mid-brain and 
fore-brain which may result in the rotated posture of the body and 


rolling movements, either to the side of the lesion or to the opposite 


side, according to their situation. 

We are now in a position to consider in what way unilateral 
extirpation of the labyrinth leads to the rotated posture of the head. 
Magnus |14] contends that the posture is due to loss of afferent 
impulses from the utricular otolith of the extirpated labyrinth. The 
otolith of the utricle of one side is in functional relationship with the 
neck muscles which rotate the head to the opposite side; hence the 
loss of impulses from this otolith leads to a diminution in the tone of 
these muscles, and their antagonists, under the influence of the otolith 
of the remaining labyrinth, cause a rotation of the head to the affected 
side. Since these groups of muscles are those which when equally 
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balanced produce extension of the neck, it would appear that impulses 
from the utricular otoliths reflexly maintain the extensor muscles of the 
neck in a state of tonus adequate to resist the effect of gravity upon 
the head, the otolith of each side being in relation with the muscles 
which resist the effect of gravity on the same side of the head. Inter- 
ference with this reflex on one side leads, therefore, to a literal falling 
of the head to that side. Magnus states that the centre for this reflex 
lies at about the level of the point of entrance of the eighth nerve. 
The tracts above this level, lesions of which according to Muskens lead 
to the rotated posture, cannot form part of the tonic reflex arc but must 
be concerned in modifying it. 

Skew deviation of the eyes is ewtiologically closely related to the 
rotated posture of the head, and also appears to result from lesions of the 
internal ear and of the vestibular tracts within the brain-stem (fig. 1). 
It requires, however, separate consideration and will not be further dealt 


with in this paper. 


THE CLINICAL SIGNIFICANCE OF THE RovTaTED POSTURE OF THE 
HEAD. 


The rotated posture of the head in man is an attitude in which the 
head is rotated so that the occiput is directed to one side and the chin 
to the other. At the same time the head is flexed laterally to the 
side towards which the occiput is rotated; ‘the mastoid,” as Cushing 
describes it, being “ drawn towards the shoulder.” It is to be regarded 
as due to a hypotonia of those muscles which, acting alone, rotate and 
flex the head to the opposite side, but in balanced action with their 
fellows reflexly maintain the erect posture of the head against the 
force of gravity. The shoulder of the side to which the occiput is 
directed is advanced slightly in front of the other and is at a higher 
level (fig. 1). This is due to dropping of the opposite shoulder, the 
result of loss of tone in the trapezius on that side. The trapezius on 
the homolateral side is more prominent than on the other, and when 
the posture has been maintained for a long period this difference may 
still be evident when the patient has been anesthetized, as was the case 
in No. 10. Although the posture is abolished by stripping the trapezius 


and posterior cervical muscles from their insertions in the operation of 
suboccipital decompression, it may return with the healing of the 
tissues, and did so in Nos. 10 and 12. It is not constantly present, 
whatever the nature of the lesion to which it is due, for postures 
voluntarily adopted may supersede it. Especially is this true of patients 
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lying or sitting in bed, in whom movements of the head must compen- 
sate for a relative immobility of the trunk. Moreover, as Magnus has 
shown, the posture, when experimentally induced, varies with changes 
in the position of the head in relation to the horizontal plane. It is most 
evident when the patient walks. The rotated posture of the head has 
been observed in the following conditions in man :— 

(1) Lesions of the internal ear. 

(2) Lesions of the eighth nerve. 

(3) Lesions of the pons and mid-brain. 

(4) Lesions of the cerebellum. 

(5) Lesions of the fore-brain. 

Each of these conditions will be considered separately. 


(1) Lesions of the Internal Ear. 


The rotated posture of the head is an almost constant symptom of 
unilateral lesions of the internal ear, and the five cases reported are 
selected as representative of a much larger number. It has been 
observed as a result both of acute and chronic lesions, and in patients 
in whom the lesion was confined to the internal ear, as well as in those 
in whom the internal ear had been invaded by an infection arising in 
the middle ear. The head is rotated and flexed towards the side of 
the lesion. In every case hitherto observed by the writer, in which the 
rotated posture of the head has been due to a lesion of the internal ear, 
it has been associated with attacks of vertigo varying in severity from 
brief spells of dizziness up to prostrating attacks lasting for hours and 
accompanied by vomiting. Every case has shown some evidence of 
reduction of cochlear function in the affected ear, though this is often 
extremely slight. In many cases, however, there has been no evidence 
of abnormality in the response to rotation tests, though where the 
lesion is extensive both the cochlea and the semicircular canals may 
be involved. These clinical findings are consistent with Magnus’s 
contention that the rotated posture of the head and body is due to loss 
of impulses from the utricular otolith of the affected labyrinth. 

Clinical interest in the labyrinth has hitherto largely been limited 
to the semicircular canals to the neglect of what is probably the more 
important functional part. It is suggested that the rotated posture of 
the head, when it results from a lesion of the internal ear, may be 
evidence of an impairment of function of the utricular otolith. 
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(2) Lesions of the Eighth Nerve. 

The rotated posture of the head has been described as a result of 
acoustic nerve tumours by Cushing [3], Starr [20], and others; and, 
as has been shown in the previous chapter, it can be produced 
experimentally by section of the eighth nerve on one side. There 
is abundant evidence that an acoustic nerve tumour causes a great 
reduction in the response of the affected labyrinth to caloric and 
rotation tests. Cushing states that ‘‘the caloric tests by the time of 
admission have shown a great lowering of vestibular irritability,’ and 
he quotes Grey to the effect that caloric stimulation on the affected side 
leads to very little if any spontaneous nystagmus, to very slight or no 
reaction movements, to no vertigo or nausea, and to no alteration in the 
falling reaction. We may conclude that a tumour which thus interferes 
with the course of afferent impulses from the semicircular canals 
reduces also the conduction of impulses from the utricular otolith, and 
thus results in the rotated posture of the head. 

It has been shown above that the rotated posture following unilateral 
labyrinth extirpation is maintained by impulses from the normal laby- 
rinth and disappears if this be subsequently be extirpated. An interesting 
clinical confirmation of this is provided in the case of a patient of the 
writer’s. This man had bilateral eighth-nerve tumours and the posture 
of the head was normal. 


(3) Lesions of the Pons and Mid-Brain. 


In five cases in this series the rotated posture of the head resulted 
from a lesion of the brain-stem. In investigating the relation between 
the posture and the situation of the lesion the difficulty arises that 
most lesions in this situation which result from disease are, by the time 
the patient reaches autopsy, extensive. The most that can be hoped 
is that it may be possible to correlate the direction of rotation of the 
head with the side of the brain-stem affected. In one patient, No. 8, 
a case of metastatic abscess of the pons, the lesion was found at autopsy 
to be almost confined to the left side; during life the head had been 
rotated and flexed to the right. In the other four cases it was possible 
from the order of the development of the physical signs and the extent 
of the lesion at autopsy to deduce the side on which the tumour had 
begun, and in these cases also the head was rotated and flexed to the 
side opposite to that of the lesion. It will be remembered that the 
experimental work of Muskens [16] [17] led him to conclude that a 
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lesion of the pons and mid-brain might, according to its situation, lead 
to a rotation of the head either to the homolateral or to the opposite 
side. It appears that with the extensive lesions found clinicaliy the 


latter effect predominates. 


(4) Lesions of the Cerebellum. 

It is in association with lesions of the cerebellum that the rotated 
posture of the head has been most often noted and described. Most 
writers consider that in patients with cerebellar lesions the head is 
usually rotated and flexed to the side of the lesion ; but the opposite 
has frequently been observed. Of the six cases of cerebellar neoplasm 
in this series the head was rotated to the side of the :Jesion in four and 
to the opposite side in two. An explanation of this variability is 
suggested by certain facts which have already been noted. There is no 
evidence, clinical or experimental, that the rotated posture is related to 
a disturbance of the function of the cerebellum itself, and there is 
considerable evidence to the contrary. Batten noted that the rotated 
posture of the head was not the same as that resulting from ablation of 
one cerebellar hemisphere ; and Wilson and Pike, and Muskens, state 
that they have never seen this posture result from experimental lesions 
of the cerebellum. Clinically no relation has been noted between the 
posture of the head and the distribution of the signs of cerebellar defect. 
If this be accepted, lesions of the cerebellum can only produce the 
rotated posture through their effect on neighbouring structures. It 
has been noted that lesions of the eighth nerve cause rotation of the 
head to the same side; lesions of one-half of the mid-brain and pons 
cause rotation to the opposite side. It might be expected, therefore, 
that a cerebellar neoplasm would produce either effect according as 
pressure upon the eighth nerve or upon the brain-stem predominated. 
Both clinical and pathological examinations indicate that pressure on 
the brain-stem is a comparatively late effect of cerebellar neoplasms, 
and it is not evident until they attain a considerable size. We should 
expect then that in the early stages the head would be rotated to the 
side of the lesion and in the late stages to the opposite side. In 
two of six cases of cerebellar neoplasm reported by Gordon [6] this 
occurred. 

(5) Lesions of the Fore-Brain. 

Stewart and Holmes [21] describe the rotated posture of the head 
as a result of lesions of the fore-brain. There appear to be two ways 
in which lesions might induce this posture. Muskens [17] states 
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that it may be produced experimentally as a result of a lesion of a tract 
running from the interstitial nucleus to the opposite putamen. On the 
other hand, it is well known that neoplasms of the fore-brain may cause 
displacement of the structures in the posterior fossa, the result of trans- 
mitted pressure or of hydrocephalus, and it seems possible that the rotated 
posture of the head might result in such cases from disturbance of 
conduction in one eighth nerve or in one side of the mid-brain or pons. 
SUMMARY. 

(1) The rotated posture of the head is the result of interference 
with a tonic reflex in which the extensor muscles of the neck, under 
the influence of impulses from the labyrinths, are maintained in a state 
of tonus adequate to resist the effect of gravity on the head. 

(2) Experimental destruction of one labyrinth, or section of the 
eighth nerve on one side, leads to rotation of the head to the affected 
side. Lesions within the pons, mid-brain or fore-brain may lead to 
rotation of the head either to the affected or to the normal side according 
to their situation. Lesions confined to the cerebellum do not lead to 
the rotated posture of the head. 

(3) Clinically it has been found that a unilateral otitis interna or 
an acoustic nerve tumour lead to rotation of the head to the affected 
side. This is attributed to interference by these lesions with impulses 
from the labyrinth on the affected side. 

(4) Lesions of the pons and mid-brain have been found in five 
cases to lead to rotation of the head to the normal side. 

(5) Tumours of the cerebellum may lead to rotation of the head 
either to the affected or to the normal side. It is suggested that 
the former effect is due to pressure on the homolateral eighth nerve, 
and the latter, which occurs in more advanced cases, to compression 
of the pons and medulla on the affected side. 


I am indebted to the Surgeons to the Aural Departments of the 
London Hospital and the Hospital for Epilepsy and Paralysis, Maida 
Vale, for kindly examining those patients with aural lesions. 
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NOTES ON THE RETINA AND LATERAL GENICULATE 
BODY IN TUPAIA, TARSIUS, NYCTICEBUS AND HAPALE. 


BY H. H. WOOLLARD. 


Department of Anatomy, University College. 


THIs paper is in the nature of a preliminary report of the work 
that is being undertaken in the Department of Anatomy at University 
College, with the object of investigating the anatomical details of the 
organs of discriminative sensibility in the primate series. The signifi- 
cance and importance of this aspect of man’s evolution has been pointed 
out by Professor Elliot Smith in his many contributions to the subject. 

The present contribution concerns the differentiation of the retina 
and the concurrent changes that are to be found in the lateral geniculate 
body in the animals mentioned in the title of this communication. 

The method adopted was that used in the study of the stratification 
of the cells of the cortex [17]. In the retina the definition of the 
layers and the relative increase in the number of cells in the various 
layers in different parts of the retina were studied. The lateral genicu- 
late body was investigated in a similar manner. The difficulty in such 
a study as this is to obtain material in a sufficiently well preserved state 
to investigate the retina. The tarsius material was fair; the marmoset 
was purchased alive from a dealer and fixed immediately after death. 
For the fixation of the retina I have found Kolmer’s fluid excellent. 
When the injection is made through the vessels it is possible to obtain 
the retina fixed without puckering or separation of the layers. 

The material] available consisted of :-— 

(1) The retina and the lateral geniculate body of tupaia. For the 
opportunity of studying the lateral geniculate I am indebted to the 
generosity of Mr. Le Gros Clark, who lent me his very fine series of 
sections of the brain of this creature. The retina was cut along with 
the whole head from a specimen of tupaia which had been given to 
Professor Elliot Smith by Dr. Charles Hose. 

(2) The retina and lateral geniculate body of tarsius. For the 
specimen, from which the serial sections of the retina and lateral geni- 
culate body were taken, I am once more indebted to Mr. Le Gros 


Clark. 
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(3) The retina and the lateral geniculate body of Nycticebus cardi- 
gradus, These were prepared from a live specimen which had been 
given to Professor Elliot Smith again by Dr. Charles Hose. Our 
department is indeed very much indebted to this discriminating and 
generous collector. 

(4) The retina and lateral geniculate of the marmoset. This was 
purchased alive. 
The Retina of Tupaia. 


The material was in a fair state of preservation. The sections of 
the retina were stained with carmine. The retina conforms to the 
type usually found in a diurnal animal. The pigment layer is thin and 
presents nothing of the great-development of this layer in a nocturnal 
animal, such as nycticebus. The percipient layer is not well enough 
preserved to decide whether it is composed of rods or cones. The outer 
nuclear layer is only two to three cells thick; that is, the number of 
percipient elements in this animal is very much less than in any of the 
other animals we have studied. The outer molecular layer is narrow ; 
this is in keeping with the paucity of percipient elements. The inner 
molecular layer is narrow and presents throughout the retina practically 
the same dimensions in all parts. The ganglion layer is never more 
than one cel! in thickness in any part of the retina. 

The optic nerve appears to enter the globe of the eye some dis- 
tance cn the lateral side of the posterior pole. The disc is slightly 
elevated and slightly pigmented. The fibres appear to leave the disc 
in equal numbers for the nasal and temporal fields of the retina. 

We accept the statement of Franz that the degree of visual acuity 
of an animal may be estimated by the perfection of the stratification 
of the layers of the retina, and by the number of the elements com- 
posing each layer. If there should be any differentiation in the retina 
so that one part appears to be the seat of a greater visual acuity than 
another the thickness of the various layers will at once make this clear. 
In tupaia we find no such area. There is only the usual slight increase 
in the number of elements as one passes from the periphery to the 
centre of the retina. 

The retina of tupaia is distinctive of a mammal of daylight habits 
with monocular vision and without any development of a retinal area 
of greater visual acuity than the rest. Le Gros Clark regards tupaia 
as one of the most generalized mammals. This opinion is supported 
by the simplicity of the retina and, as we shall see, by the form of the 


lateral geniculate. 
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The Retina of Nycticebus. 

The optic disc is slightly elevated and non-pigmented. The fibres 
appear to pass in approximately equal numbers to each half of the 
retina. Immediately at the side of the entrance of the nerve the 
pigment in the choroid at once becomes extremely abundant. 

The percipient layer, so far as can be determined in the material 
available (which unfortunatcly is not well fixed), consists entirely of 
rods. ‘They are evenly arranged throughout the whole retina. The 
outer nuclear layer is broad and shows a considerable increase in the 
number of elements present when compared with tupaia. The nuclei 
number between eight and ten. The outer molecular layer is broad. 
The inner nuclear layer is narrower than the outer, and contains about 
six nuclei. The inner molecular layer is well marked, but, as is always 
the case, is narrower than the outer. 

The ganglion cell layer nowhere appears to be more than one cell 
thick. The nerve fibre lamina is well marked and of uniform thickness. 
The retina conforms to the type distinctive of the typical nocturnal 
animal, the percipient layer being composed of rods only and the whole 
being heavily pigmented. There is no area specially differentiated from 
the rest of the retina. There is only the gradual increase in tke 
elements of the retina as one passes from the front to the back. 


The Retina of Tarsius. 


A brief account of the retina of tarsius has already been published 
in the Proceedings of the Zoological Society of London |16}. The 
results of that investigation with certain facts not hitherto reported 
may be summarized as follows. 

Franz has stated that there is no true ora serrata in any anthropoid 


ape except the chimpanzee, or in any monkey. An examination of the 
anterior limit of the retina shows that this structure terminates ina 
smooth manner and that therefore there is no true ora serrata in tarsius 


as well. 

The anterior portion of the retina as it is traced backwards shows 
the usual accumulation of the structures of each layer and so gradually 
thickens as the more central portion of the retina is approached. The 
most striking changes are revealed immediately on the lateral side of 
the optic disc. At this point there is situated a differentiated area 
which is nearly circular in outline. It measures about 2 mm. trans- 
versely and in vertical extent is about 22mm. The thickness of the 
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retina in this area is about 350 u, while in the adjacent non-differentiated 
part it is only about 250 py. 

The individual layers show considerable changes. The pigmented 
substance is a single layer one cell thick, crowded with black granules. 
The percipient layer that adjoins this is thrown into convolutions and 


Fic. 1.—Differentiated area of the retina of tarsius. 


between the elevations of this layer the cells of the pigment layer are 
accumulated thickly. In these positions the pigment granules are much 
reduced and appear as only a few scattered granules in occasional cells. 
The percipient layer consists entirely of rods and, as already mentioned, 
is thrown into convolutions, which vary in width, sometimes being 
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relatively broad, sometimes narrow. Throughout the whole length of 
this differentiated area the convolutions of the rods appear to be 
supported by an additional layer of the external limiting membrane. 
The primary external limiting membrane is present at the outer boundary 
of the outer nuclear layer and conforms to it. But coterminous with 
the area of elevations and depressions in the percipient layer there is 
an additional membrane, which is elevated and depressed corresponding 
to the folds in the rods. This additional derivative of the external 
limiting membrane is prolonged occasionally into finger-like processes 
amongst the folds of the layer of rods. At these points it is also 
common to find a fair number of the nuclei belonging to the outer 
nuclear layer scattered outside the primary external limiting membrane. 
The rods present the myoid expansion usually just outside this second 
external limiting membrane. Since the outer nuclear layer does not 
participate to any great extent in the formation of these folds the rods 
are inclined in part very obliquely to each other. 

The outer nuclear layer is much thicker in this differentiated area 
and averages about twelve nuclei in thickness; the number in the 
adjacent area of the retina is about eight. These are limited peri- 


pherally by the external limiting membrane, and it is only opposite the 
elevations in the percipient layer that there are nuclei lying outside 
this external limiting membrane. The outer molecular layer is slightly 
increased in thickness. The inner nuclear layer is also increased in 
size, and in the numbers of its cells. The inner molecular layer is 


more conspicuous and there are marked changes in the ganglion layer. 
Attention was first called to this area in the retina of tarsius by the 
obtrusive thickness of the ganglionic layer, which is due to the increase 
of the nerve-fibre layer and also to the greater abundance of the ganglion 
cells. In the adjoining parts of the retina the nerve-cell layer is as 
usual one cell thick. In this differentiated area the cells are more 
numerous and they become closely packed together, so that the layer is 
two or three cells thick. 


The Retina of the Marmoset (Hapale). 


This animal was obtained while still alive. An examination of the 
retina by the ophthalmoscope failed to reveal the presence of the 
macula. Johnstone had previously made an opthalmoscopic examina- 
tion of the retina of the same species of South American monkey and 
represents an exceptionally well-defined macula in his drawing of the 
fundus oculi. The marmoset was injected immediately after death with 
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Kolmer’s fluid (formalin bichromate and acetic) and excellent fixation of 
the retina was obtained. 

A study of the histology of the retina discloses the fact that there is 
a localized area presenting in an unmistakable way the distinctive 


features of a true macula lutea. 

The pigment layer differs in no degree from that of the customary 
single layer of polygonal cells. The percipient layer is composed of rods 
and cones. At the periphery the cones are much shorter and plumper 
and therefore easily distinguished. In the middle portion of the retina 
they have become somewhat more slender. In the region of the 
macula the percipient layer is composed entirely of cones. ‘These show 


Fic. 2.—Macula of marmoset. Photomicrograph. 


the usual transition to a much more slender form. There is no 
convoluting of the percipient layer. The cones in the region of the 
macula are obliquely arranged as they pass towards the displaced outer 
nuclear layer. 

At the periphery the retina gradually ceases as it passes into the 
pars ciliaris retine ; there is no true ora serrata. The anterior part of 
retina shows a scanty nerve fibre layer, and the ganglion cell layer is 
composed of a single stratum of cells in which the individual cells are 
a considerable distance apart. The inner molecular layer is narrow and 
the inner nuclear layer is about two to three cells thick. The outer 
molecular is narrow. The outer nuclear layer is about three cells 
thick. The cones are short and plump and the outer segment is short. 

In the middle portion of the retina the internal limiting layer is well 
marked and the ganglion cells are larger and form a continuous row. 
The inner molecular layer has increased in width, and the inner nuclear 
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layer now approximates to about six cells in thickness. The outer 
molecular layer has increased in width, but is thin compared with the 
outer layer. The outer nuclear layer is about the width of five or 
six cells. The rods and cones present their greatest contrast in this 
area of the retina. The outer segment is about the same length as the 
inner, and the myoid region of each element is deeply stained. As is 
the case with carmine staining, the outer portion of the bacillary layer 
is coloured hardly at all, while the inner portion also only stains feebly. 
In these sagittal sections of the retina the rods and cones appear to 
alternate with each other for a number of cells, and then one comes 
across a group in which there are three or four rods together. 
Advancing towards the macular region the layer of nerve fibres 
becomes abundant and the ganglion cells, though individually smaller, 
are more numerous and become piled up to form a layer even six cells 
deep. The inner molecular only alters its dimensions slightly. The 
inner molecular layer has become enormously thickened and contains in 
sagittal section as many as fifteen cells. The outer molecular layer has 
increased in nearly the same proportions as the inner nuclear layer, 
and contains about five to six cells. The cones appear to be much more 
numerous than the rods and © assumed a much more slender form. 
The black substance in the pigment layer is abundant and the granules 
lie scattered towards the percipient layer. In the macular region cones 
alone seem to be present and these have become very elongated, the 
outer segment exceeding in length the inner segment. The myoid 
portion takes the stain deeply and has now become much extended. 
The cones are no longer vertical, but are bent so that a concavity 
directed away from the centre of the macula has appeared. The outer 
nuclear layer has become very thick indeed and contains as many as 
fifteen cells. At the centre of the macula the outer nuclear layer, which 
extends right across the depression in the inner layers of the retina, 
forms an elevation directed inwards. At the summit of this elevation, 
which is right in the middle of the macula, the cells are reduced in 
number, about five or six being present. The inner molecular sheet is 
continued across the depression and forms a narrow band inside the 
inner nuclear layer. The inner nuclear layer becomes much attenuated 
at the margin of this area, being reduced to two or three cells. As the 
middle is approached it becomes only a single layer, and right in the 
centre of the macula these individual cells are separated from each other 
by relatively considerable intervals. At the margins of the depression 
the ganglion layer becomes reduced and then ceases abruptly. In a 
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similar way the nerve fibre layer is absent over the depression. The 
depression is clearly visible and in diameter is about 0°12 mm. 
Corresponding to this fovea interna there is, in the outer layer of the 
retina, a slight depression, a fovea externa. This is present in the 
human eye but has been the subject of much dispute. 


DISCUSSION. 


The material from which the sections of the retine of tupaia and 
nycticebus were obtained was not very good, but yet I can confidently 
affirm that there is no highly developed area of the retina such as is 
found in tarsius or in hapale (the marmoset). In the former animals 
there is then a retinal differentiation in which there is only a slight 
concentration of the elements of the retina in passing from the front to 
the back. In tarsius we have definitely local hypertrophy of the 
elements of the retina on the lateral side of the optic nerve. In addition 
to an accumulation of all the elements that go to make up the retina 
there is a further concentration of the structures concerned in vision, 
the percipient layer in particular being thrown into a series of con- 
volutions. Inthe marmoset the specialization has been carried further, 
and there is the early stage of excavation of the hypertrophied area and 
the formation of a nearly complete fovea. The fovea interna is, how- 
ever, not sufficiently formed to permit the access of light directly to the 
percipient elements, since the outer nuclear and molecular layers are 
continued across the layer of cones. 

This acquisition of a differentiated area of most distinct vision, that 
is to say a macula, can be seen in this selection of related animals to 
follow an orderly progression. In tupaia and nycticebus we can find 
no further advance in retinal differentiation than the slightly greater 
thickness of the posterior portion when contrasted with the anterior 
portion. Nycticebus, however, differs from tupaia in that the layers of 
the retina are much thicker. In tarsius there is the concentration of 
the retinal elements in a local and special area. In the marmoset there 
is a hypertrophied area which is now partially excavated in the centre 
to form a macula. 

In Oppel’s textbook (1910) Franz has summarized the facts relating 
to the comparative anatomy of the retina [5], and he observes in a 
later publication [4] that there is no true ora serrata in anthropoids or 
monkeys except in the chimpanzee. The absence of a true ora serrata 
in tarsius we have already mentioned. He discusses the form of the 


retina in many animals, and affirms the validity of the generalization 
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that the acuity of vision may be assessed by the number of the retinal 
elements available. The formation of a differentiated area in the 
retina for the purpose of securing a greater degree of visual acuity he 
classifies into the following stages :— 

(1) A gradual increase in all the layers of the retina in similar pro- 
portions, but diffuse rather than localized; (2) a sharply bounded local 
area in which all the layers bear an increased number of elements; 
(3) the formation of a true fovea centralis. 

From my study of the retina of the marmoset it is possible to sub- 
divide the third stage, since in this animal the process of excavation is 
gradual and then proceeds by an intermediate stage wherein the excava- 
tion is incomplete and does not bring the cones in direct access to the 
light. The accumulation of the elements of the retina enhances the 
visual acuity in two ways: the increase in the number of precipient 
elements enables a greater number of impressions to be received from 
the same source of light, while the increase in the ganglion-cells 
assures a more precise and special conduction of the impulses so 
received. 

It is worth while recording the remarks of Franz on the primate 
retina. He states that the anatomy of the retina in lemurs is unknown. 
In apes and monkeys the presence of a macula has been confirmed 
histologically in gorilla, hylobates and macacus. Further, the fovea is 
more extensive in man and the area free from obstructing structures is 


greater. This suggests a less perfect function of this area in apes and 


monkeys. It is also noted that an area of the retina free from rods 
without a fovea has never been described. 


Lateral Geniculate Body. 


Kappers, Winkler, Minkowski and others have shown that the lateral 
geniculate body consists of at least two main portions, a dorsal and a 
ventral. The former is the more recent phylogenetically and exhibits a 
higher degree of differentiation in its structure. It is connected with 
the area striata of the cortex and gives origin to the optic radiation. 
The ventral portion is the older phylogenetically, is less differentiated 
and gives origin to the fibres that end in the mid-brain, in the deeper 
layers of the corpus quadrigeminum anticus. In addition to these two 
main portions other areas have been described. Von Monakow and 
Minkowski have named an area that tends to surround the lateral 
geniculate body and begins on its medial side the corpus pregenicu- 
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latum. Hosaka and Hiraiwa have also shown that the nucleus 
transversus pedunculi is connected with the optic tract. 

The manner in which the optic tract fibres end in the lateral geni- 
culate body is not yet altogether clear. All observers are agreed that in 
mammals this body is by far the most important of the mid-brain 
centres, and that from 70 per cent. to 80 per cent. of the fibres of 
the optic tract end here. The number of fibres ending in the lateral 
geniculate body progressively increases in the higher animals. Von 
Monakow has shown that the lateral geniculate receives the majority of 
the fibres of the optic tract and that from it arises the optic radiation. 
It degenerates in the rabbit, cat, dog, monkey and man when the 
occipital cortex is damaged or removed. He further showed that in the 
rabbit the opposite lateral geniculate undergoes degeneration when one 
eye is removed. The nerve fibres dwindle and there is atrophy of the 
substantia gelatinosa, particularly on its lateral side. 

Von Monakow came to the conclusion that two fibres, one crossed 
and one uncrossed, starting from homologous areas of the retina, end 
immediately adjacent to each other in the same lateral geniculate, 
perhaps around the same cell. He attributes a diffuse distribution to 
the macula in the lateral geniculate. 

Minkowski, who reviews the earlier work, showed that in the rabbit 
and cat one-sided enucleation of the eye brings about changes in 
alternate layers of the lateral geniculate. The crossed and uncrossed 
fibres in each lateral geniculate occupy distinct lamine. 

In the rabbit the atrophy affects particularly the lamine on the 
lateral aspect of the dorsal and ventral nuclei. He is not quite certain 
whether the ventral nucleus receives crossed or uncrossed fibres. Pawlow 
says that it receives only uncrossed fibres. In any case the changes in 
the ventral nucleus are not nearly so obvious as in the dorsal nucleus, 

In the monkey the crossed fibres end in the peripheral intermediate 
sheet and in the cranial extremity of the lateral geniculate. The 
uncrossed end in the central intermediate layer. In the cat the crossed 
fibres lie at the periphery of the lateral geniculate; but in the monkey 
they also reach to the centre. A further distinction between the cat 
and the monkey is the appearance in the latter of two large-celled basal 
layers, the peripheral of which receives the crossed and the central 
the uncrossed fibres. 

The corpus pregeniculatum of the ape is the homologue of the 
corpus perigeniculatum of the cat. These are probably related to the 
ventral nucleus of the lower animals. In addition to its relation to the 
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lateral geniculate body it has relations with the subthalamic region. 
It receives only uncrossed optic fibres. 

Henschen believed that the dorsal part of the retina is joined with 
the dorsal part of the lateral geniculate body, and the ventral half of 
the retina with its ventral half. Furthermore he believed that the 
macula is distributed diffusely. 

From a study of unilateral blindness in man Cramer concludes that 
the crossed fibres occupy the lateral third, but also to some extent the 
medial and ventral margins of the lateral geniculate. The uncrossed 
fibres occupy the centre of the body of the lateral geniculate body and 
also to a slight extent the medial margin in its nasal third. 

Rénne believes that the macula occupies an extensive area of the 
lateral geniculate in the dorsal portion of the middle and caudal 
regions. 

Using a somewhat different method, a division, by intra-ocular 
operation, of the fibres from particular areas of the retina, Brouwer 
found in the rabbit (where almost all the fibres are crossed) that the 
retina is represented in the lateral geniculate body, thus: the fibres 
from the upper half of the retina are below and medial, the fibres from 
the lower half of the retina are above and lateral. In the cat he found 
that the uncrossed fibres, which are abundant, end on the medial side 
of the lateral geniculate. The crossed fibres end as they do in the 
rabbit. In the ape he found that if the macula be spared the fibres 
from the upper half of the retina occupy a medial position in the lateral 
geniculate, while the fibres from the lower half of the retina occupy a 
lateral position. Crossed and uncrossed fibres lie next to one another. 
If the macula be injured the area in the lateral geniculate that is affected 
is diffuse, that is to say the macula is not definitely projected as a 
distinct area in the lateral geniculate. Brouwer believes that the 
boundaries between the various areas in the lateral geniculate are sharp- 

After enucleation of one eye one always finds that on the opposite side 
there are fine granules lying between the larger bundles, which shows 
that optic fibres branch and terminate therein. In the lesions of the 
retina he has the impression that most of the fibres appear to pass the 
ventral nucleus. 

From the investigations of the connections of the fibres of the 
optic tract with the lateral geniculate it is apparent that the dorsal 
nucleus of the lateral geniculate is by far the most important. The 
disparity in results arises when one considers in more detail the endings 
of the crossed and uncrossed fibres and the representation of the various 
fields of the retina in the lateral geniculate. 
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Minkowski found the crossed and uncrossed fibres ending in successive 
layers of the lateral geniculate. Brouwer says there is no fusing of the 
different fields of the retina in the lateral geniculate ; they are all sharply 
separated, except perhaps in the lower temporal field. This of course 
means that the crossed and uncrossed do not segregate, as Minkowski 
believes, for if they do there cannot be this distinct localization of the 
retina in the lateral geniculate. 

For our purpose the most important result is’ the relationship of 
the retina to the lateral geniculate in the rabbit, where both observers 
are in agreement. For here the representation is nearly heterolateral, 
and enucleation of the eye and incisions of the retina indicate that the 
main effect is on the lateral portion of the lateral geniculate body in the 
dorsal nucleus, and that few uncrossed fibres reach the medial aspect of 
the same nucleus. The same, only more emphatically, applies to 
the cat. 

The evidence of Henschen, Rénne and Brouwer, all suggests that 
the macula is represented by a more or less diffuse area in the centre. 
It is to be expected on general grounds that a subsequent elaboration of 
the lateral geniculate body, owing to the development of a more highly 
differentiated retina, would operate on its central portion. It has been 


repeatedly shown that as successive developments take place in the 
central nervous system the older parts are pushed to the periphery and 
the newer parts occupy an area in the centre of the older portions. 
Using these observations as a guide, we will now describe the lateral 
geniculate of the animals of which an account of the retina has already 


been given. 

The description of the lateral geniculate body will follow the plan 
set forth by v. Monakow and Minkowski. It will be described as 
consisting of dorsal and ventral portions. The dorsal will be regarded 
as consisting from above downwards of medial and lateral portions, and 
of a central portion invading the earlier medial and lateral parts as the 
retina progressively differentiates. 


The Lateral Geniculate Body of Tupaia. 


In its caudal extremity the lateral geniculate body has the form of 
a small ovoid, the pars posterior. It is composed of small and medium- 
sized cells, which are irregularly arranged, being interspersed one with 
the other and not laminated. This part belongs to the dorsal nucleus, 
the ventral not yet having made its appearance. (The photographs 
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have all been made with a j-objective and the enlargement is the same 
in all cases.) 

A section of the pars intermedia near the middle of the body, 
shows the lateral geniculate to be formed as follows: The dorsal nucleus 
is large and oval in form and is rather obscurely delaminated. On the 
outer side two more or less definite lamine can be distinguished about 
the middle of the lateral surface. On the medial aspect the attempt at 
delamination is more feeble, and the cells here are smaller and the 
lamin are much narrower. Between the outer and the inner lamine 
there are some small scattered cells occupying the centre of the mass. 
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Fig. 3.—Lateral geniculate body of tupaia, The section cuts through the middle of the body. 


The ventral nucleus makes its appearance at this level as a tiny mass 
of small size. At this point the ventral mass is very definitely separated 
from the dorsal nucleus by a cell-free zone. 

As the sections advance towards the oral part of the body the 
ventral nucleus grows in size and is equal to, or even exceeds in size, 
the dorsal nucleus. In the pars anterior the lamination becomes still 
more indistinct. Along the lateral border there can be distinguished a 
lamina composed of medium-sized cells, and inside this there is a 
concentric lamina bounding a central mass composed of the small type 
of cell. Along the medial aspect there is a faint lamination recognizable. 
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Still more anteriorly the ventral nucleus grows larger in size and far 
exceeds the dorsal in magnitude. It is composed of small cells which 
are irregularly arranged. Moreover, it is now more closely joined with 
the dorsal nucleus. The dorsal nucleus has become quite small, but 
still shows some traces of lamination. In the extreme oral end the pars 
anterior is visible but extremely small. It is overlapped from above by 
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Fic. 4.—Lateral geniculate body of tupaia, showing the dorsal nucleus in its anterior 
part and the large ventral nucleus. x 24. 


the pars dorsalis, which is separated from it by medullary substance, 
which, however, contains a few scattered cells. 

In general we may say of the lateral geniculate body of tupaia that 
it is notable for the great size of the ventral nucleus, and therefore 
presumably the mid-brain reflexes excited by the impulses of the optic 
fibres are relatively important, while the dorsal nucleus is imperfectly 
delaminated and the cerebral results of the visual impressions play a 
smaller part in determining the behaviour of the animal. 
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We cannot identify with certainty the corpus pregeniculatum in 
this animal, and believe that it is probably fused with the ventral nucleus. 

The lack of the central elaboration of the geniculate is in accord- 
ance with our interpretation of the retina, in which we find no 
differentiated area corresponding to the primordium macule lutex of 
tarsius. 


The Lateral Geniculate of Nycticebus. 


The form of the lateral geniculate body in this animal is very 
different from that of the other animals studied. In transverse section 
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Fic. 5.—Section through the middle of the lateral geniculate body of nycticebus, 


of its anterior and posterior parts it presents the form of a triangular 
wedge. In its middle part there is added to the ventral triangular mass 
a dorsal prolongation. The peripheral limit as a whole is well defined 
by the surrounding capsule of fibres. 

In more detail the most caudal portion of the lateral geniculate 
forms a triangular wedge-like mass composed of medium and large- 
sized cells. These do not exhibit at this level any decided lamination, 
but on the other hand they are of larger size than the cells which 
ordinarily compose the ventral nucleus. The same basal area is 
continuous throughout the whole length of the lateral geniculate, unlike 
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the ventral nucleus which is confined to the middle area of the lateral 
geniculate body. 

In a section passing through the middle of the body the basal mass 
has grown large and is composed of cells of uniform size. They are for 
the most part of medium size but some are large. From the latero- 
dorsal corner of the basal mass there now appears a dorsal prolonga- 
tion of the basal mass. This is composed of the same type of cells as 
the basal mass and shows at this stage an imperfect arrangement of 
the cells in lamine. 


Dorsal area 


*e. 
ect 
ry 
ot 
mI 
A 


" 


Hepes 


bh etn See 


Basal area 


Fic. 6.—Anterior part of the lateral geniculate body of nycticebus. x 24. 


The transverse sections immediately in front of this show the 
advancement of these changes to a higher degree. The basal mass is 
now definitely delaminated, and the dorsal mass has become more 
extensively prolonged in a dorsal direction and reaches an elevation that 
makes it greater in volume than the basal mass. Both are now well 
delaminated. The dorsal mass presents well-defined inner and outer 
lamin, which are continuous with the similar lamine in the basal mass. 
To the basal mass there are added ventrally, in addition to the laminze 
continuous with the lamine of the dorsal mass, two additional lamine. 
These are confined to the basal mass, but they are composed of cells 
which are of similar type to the other lamine. 
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In the most anterior sections the basal mass dwindles to a small 
triangular area, again similar to its form in the most caudal section. 
This basal mass is now, however, surrounded by a scattered area of 
small cells strewn through the fibres of the optic tract. They are most 
numerous on the ventral, lateral and dorsal aspects of the main 
triangular mass. We regard these cells as representing the corpus pre- 
or peri-geniculatum of von Monakow. 

If we regard the large basal mass as the homologue of the ventral 
nucleus of other animals account must be taken of the facts: (a) that 
it is much more extensive than the ventral nucleus of other animals, 
extending as it does through the whole length of the body; ()) that it is 
composed of large cells differing in no respect from those of the dorsal 
nucleus ; and finally (c) that the cells in the middle area of the body are 
well stratified. If on the other hand the whole mass is regarded as one 
large dorsal nucleus it is difficult to assign to any part of the lateral genicu- 
late body an area corresponding to the ventral nucleus. It is to be noted 
that the enlargement occupies a ventral position in the lateral geniculate 
and that its direction of expansion is towards the mid-brain (toward the 
anterior quadrigeminal body), and from it there appear to stream out 
fibres in the direction of the mid-brain. 

The material on which this study of the retina of nycticebus is 
based is so poor that it is with hesitation I put forward the statement as 
to its lack of any high degree of differentiation. Having had the 
opportunity of studying a fair number of retine I am inclined to the 
belief that the examination of better preserved material would confirm 
this claim. 

The lateral geniculate body of nycticebus seems to be somewhat 
aberrant in form and function. I think that the mass representing the 
ventral nucleus of other animals has become highly organized and 
stratified, and that therefore we must look upon the mid-brain as playing 
the chief réle in this animal in its responses to optic impulses. It 
might be supposed that the mid-brain reflexes would be of greater 
importance in an animal whose habits were nocturnal; though sluggish 
by day the animal exhibits the greatest liveliness by night. In the 


presence of only the slightest degree of luminosity the animal cannot 
depend on any great appreciation of form, but must be stimulated by 
the more elementary aspects of visual sensation such as the movement 
of objects. If this supposition has any truth the lateral geniculate of 


other nocturnal animals should afford corroboration. We, however, 
are unaware of any such observations. 
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Since writing the above I have had an opportunity of examining 
some sections of the lateral geniculate body of Lemur varius. The form 
and lamination resemble the structure of this body in nycticebus. As 
these lemurs are not so definitely nocturnal as nycticebus, it may be 
that this type of lateral geniculate is not related to nocturnal habits 
but may be a lemurine specialization due to some other factor. 


The Lateral Geniculate Body in Tarsius. 
The lateral geniculate as a whole shows a very large and well 
stratified dorsal nucleus, a much more modest ventral nucleus and a 
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Fic. 7.—Section through the middle of the lateral geniculate body of tarsius. ’ 


considerable corpus pregeniculatum. It is far advanced from tupaia 
and resembles more the form of the lateral geniculate in the marmoset. 

Taking the various planes in more detail, the description is as 
follows: In the most caudal sections the pars posterioris appears as a 
flattened band in which the cells are poorly stratified. More anteriorly 
the flattened band swells to an elongated ovoid and begins to show 
evidence of lamination. The pars posterioris belongs entirely to the 
dorsal nucleus. In sections approaching the middle third of the body 
the mass exhibits a large ovoid form in which the lateral lamina has 
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become evident. This bends dorsally and ventrally to enclose a 
central area from which cells are absent. 

In the middle of the body the dorsal nucleus has increased in volume 
and is nearly circular in outline. It has a well defined lateral lamina 
that is continuous dorsally with an equally well defined medial lamina. 
Inside the outer lamina there is a second broad but somewhat indefinite 
lamina which joins the medial and lateral lamine dorsally. Between 


Fic. 8.—Section through the anterior part of the lateral geniculate body of tarsius. x 24. 


the lateral and the medial strata there is a large oval area which is 
composed of cells diffusely arranged. This central area is very exten- 
sive and represents a new addition to the lateral geniculate when 
compared with the form of the body in the animals already described. 

At this level the ventral nucleus appears as a comparatively small 
mass composed of small diffusely scattered cells. Relatively to the 
dorsal nucleus it is much reduced. 
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Transverse sections somewhat further forward reveal distinct strati- 
fication of the dorsal nucleus; this applies also to the central area, 
which shows medial and lateral laminz composed gf medium and even 
large cells. The ventral nucleus grows a little larger but remains rela- 
tively small. Lying ventrally and medially to the main mass the 
corpus pregeniculatum is apparent. These both consist of small diffusely 
scattered cells. 
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Fic. 9.—Section through the oral portion of the lateral geniculate body of tarsius. 


In sections approaching the oral end of the lateral geniculate body 
the dorsal nucleus begins to undergo reduction. The lateral lamina 
becomes separate from the others and will form the pars dorsalis. It is 
surrounded on all sides by fibres of the optic tract. The medial and 
central portions are also reduced, though their stratification is still 
evident. The ventral mass is also becoming smaller. The corpus pre- 
geniculatum has attained quite considerable proportions. It still consists 
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of diffusely scattered small cells. The most medial fibres of the optic 
tract appear to end in the corpus pregeniculatum. 

A section passing through the anterior end of the lateral geniculate 
body shows the optic tract divided into three areas. The most medial 
part seems to end in the corpus pregeniculatum ; the next part appears 
to go to the pulvinar, and finally the remainder seems to go to the 
dorsal nucleus of the lateral geniculate. The dorsal nucleus has an 
independent lateral lamina, the pars dorsalis. The medial part shows 
the ending of the medial lamina and the termination of the central 
part. The corpus pregeniculatum seems to fuse with the oral extremity 
of the ventral nucleus. 

I would interpret the lateral geniculate body of tarsius as exhibiting 
a very great advance in comparison with that of the lemuroidea in 
the volume and organization of the dorsal nucleus; and I relate 
this to the considerable degree of differentiation of the retina in the 
region that later becomes the macula. The increasing dominance of 
the cerebral aspect of vision is shown, not only in the size and organiza- 
tion of the dorsal nucleus, but also in the reduction of the ventral 
nucleus. It also brings some confirmation to the opinion expressed by 
Kappers that the corpus pregeniculatum subserves much the same 
aspect of visual reflexes as the ventral nucleus, for in this animal it 
seems to fuse in front with the ventral nucleus. 


The Lateral Geniculate Body of the Marmoset. 


In general we may say that the lateral geniculate body of this animal 
presents an outer stratified portion extending from the oral to the 
caudal extremity. It presents an inner laminated mass of somewhat 
smaller cells, which is at first continuous with the outer stratum, and 
then becomes separated by the unfolding of a central mass with which 
it is for a while joined. Finally it becomes quite separate from all 
these and then ends. The central mass is at first small and distinct. 
It is composed of larger cells than the remaining portions of the dorsal 
nucleus, and therefore is very easily recognized in the figures. It 
grows larger in the middle sections and forms a greater part of the 
dorsal nucleus. 

In the most caudal transverse section the lateral geniculate is com- 
posed of: (1) a lateral portion made up of two lamine ; (2) inside these 
two a narrower lamina representing the caudal extremity of the 
central mass; and (3) finally on the medial aspect a small mass which 
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is quite distinct at this level and represents the medial stratum of 
the body. 

Approaching the middle of the lateral geniculate body, the trans- 
verse section exhibits the following characters. The lateral portion 
is extremely large and broad and inferiorly is imperfectly separated 
into two strata. The most medial portion is reduced, but is now joined 
by scattered cells with the central mass. The central mass has become 
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Fic. 10.—Section through the middle of the lateral geniculate body of the marmoset. 24. 


much more definite and is well stratified; it is easily recognized 
in section owing to the preponderance of the large cells in it. The 
outer stratum of the central mass is continuous above and below with 
the lateral mass of the geniculate. The inner portion of the central 
mass is broader and reaches the medial aspect of the body above the 
reduced medial stratum. At its middle it is diffusely continuous with 
the outer lamina. The lateral geniculate body at this level has the 
form of a series of concentric lamine. 
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These are from without inwards as follows :— 
(1) A large lateral stratum imperfectly divided ventrally. 
(2) A thin lamina medial to this stretching from the dorsal to the 
ventral aspect of the outer end, derived from the central mass. 
(3) The main mass of the central area resembling an inverted Y. 
(4) A small medial stratum. 
The ventral nucleus is inconspicuous. 
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Fic. 11.—Section through the anterior part of the lateral geniculate body of marmoset, 


In a transverse section slightly further forward the form of the 
lateral geniculate body is substantially the same as in the area just 
described. The lateral mass extends more dorsally but is separated on 
the medial side by the central mass, reaching the medial surface above 
the medial stratum. The subdivision of the massive lateral portion is 
a little more extensive ventrally than in the preceding section. The 
central mass has undergone a great increase in size. It consists of an 
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outer portion embracing an inner, the character of the cells easily dis- 
tinguishing it from the medial and lateral portions of the body. The 
outer part reaches the medial aspect of the body over a broad area on 
the dorso-medial margin. It is continuous ventrolaterally with the 
lateral stratum. The ventral portion, embraced from above by the outer 
part of the central mass, is distinguished by the same arrangement of 
large cells. Laterally and below it fuses with the lateral stratum and 


fe 
aygt eee? 
As he > caw: 
ie ree) 
! ue Mk, | 


“ 


x 
« 
Pat 


Medial 
stratum 


Ventral mass 
and corpus 
pregenicu latum 


Fic. 12.—Section through the oral end of the lateral geniculate body of marmoset. 24. 


the surrounding stratum of the central mass. Medially it is joined by 
diffusely scattered small cells with the medial stratum. The pars 
anterior of the body is encircled by the fibres of the optic tract. On the 
outer aspect the fibres are extremely abundant, while those on the inner 
side are, though definite, much less numerous. The middle fibres of 
the optic tract appear to be distributed to the central mass of the 
lateral geniculate. The innermost fibres of the tract swing around the 
extremity of the crus cerebri, and appear to be related to a scattered 
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collection of small cells that probably represent both the ventral nucleus 
and the corpus pregeniculatum. The pars anterior is composed of a 
great mass of cells and is almost circular in shape. The peripheral 
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Fic. 13.—An outline of the form of the lateral geniculate body. 
( All were drawn to the same scale.) 


portion is broad and crowded with cells. It shows a tendency to 


separate into two laminew. Dorsally it runs without interruption into 
the medial stratum of the body. Inside this peripheral encircling mass 
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there is a central area which is conspicuous owing to the fewness of 
the cells occupying it. These cells are arranged indefinitely into three 
groups, a small dorsal group, a larger middle group, in the concavity 
of which there is situated a small ventral group. 

In the most oral sections the lateral geniculate body consists of a 
central diffuse area which is encircled by a broad lamina of cells except 
on the ventral aspect where the optic fibres enter. Finally, most oral 
of all there appear among the optic fibres numerous small scattered 
cells. These are abundant at the oral limit of the lateral geniculate 
and also on the medial aspect of that body. They represent the corpus 
pregeniculatum, and also probably the nucleus transversus pedunculi 
and ventral nucleus. 

The lateral geniculate body of the marmoset presents a structure 
that is still more highly developed than any of the preceding. The 
dorsal mass is more definitely differentiated and there is added to the 
medial and lateral lamine a highly specialized central mass, the ex- 
planation for which is to be sought in the appearance of the fovea 
centralis of the retina. Those portions of the lateral geniculate which 
subserve the mid-brain centres and not the cortex, the corpus pregeni- 
culatum, the nucleus transversus pedunculi and the ventral nucleus of 
the lateral geniculate, are reduced to insignificance. 


SUMMARY. 


(1) The retina and the lateral geniculate body have been studied in 
a series of closely related animals forming an ascending series. 
(2) An attempt is made to interpret the unfolding of the lateral 


geniculate body in terms of the work of Brouwer on retinal localization 
in that body. 

(3) In tupaia, which has been shown to be closely related to the 
lemurs by many zoologists, in particular Le Gros Clark, the retina 
shows no differentiated area and the vision is monocular. The lateral 
geniculate body has a small dorsal nucleus. 

(4) Nycticebus has probably a retina without a differentiated area, 
but the imperfect fixation of my material forbids a definite statement. 
The lateral geniculate body, if my interpretation is correct, shows 
a highly specialized ventral nucleus which I relate to its nocturnal 
habits. 

(5) The retina of tarsius presents a highly differentiated area, which 
can be regarded as a primordium macule lutew ; and there is a corre- 
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sponding development of the lateral geniculate body. This affects the 
central mass of the dorsal nucleus and confirms the experimental con- 
clusions that point to the macula as being represented diffusely about the 
middle of the lateral geniculate body. Along with this there is a great 
reduction in the parts of the lateral geniculate body related to the reflex 
centres in the mid-brain. This, as so many other facts in the rest of 
its anatomy, brings tarsius right into the middle of the stream of 
primate evolution, and foreshadows the dominance of the cerebral aspects 
of visual influence. 

(6) The marmoset exhibits in its retina a close approximation to the 
final form of the fovea centralis. In its lateral geniculate body there 
is a great increase in the size and differentiation of the central area. 
This central mass occupies in the dorsal nucleus a position that almost 
exactly parallels the localization of the macula in man according to 
the researches of Rénne. The parts of the lateral geniculate body 
related to the reflex centres in the mid-brain have dwindled almost into 
insignificance. 

It only remains for me to express my thanks to Professor Elliot 
Smith for the interest he has taken in this work and for providing me 
with the material. 


My thanks are also due to Mr. Pittock who prepared the 
photomicrographs. 
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PROGNOSIS IN DISSEMINATED SCLEROSIS. 
BY JAMES TAYLOR, M.D., F.R.C.P. 


Consulting Physician National Hospital, Queen Square ; Consulting Physician to 
Moorfields Eye Hospital, and to the Queen’s Hospital for Children. 


THE prognosis in cases of disseminated sclerosis is one of the most 
difticult and baffling problems which confronts neurologists. It seems 
to me that the more experience one has of this disease the more difficult 
is the problem, and in the numerous cases which I have seen I can 
recall some in which I have been unduly optimistic, many in which 
I have been needlessly pessimistic, and a few in which time has 
happened to confirm the view which I held, even if I did not explicitly 


announce it. 

We are still very much in the dark as to the underlying causal 
factor in this disease. There seems little reason to doubt that it is an 
infective illness, and good grounds for surmising that the infection is 
from outside. Yet the curiously variable incidence of the position on 
which the poison exerts its influence—sometimes on the spinal cord, 
sometimes on the cerebral structures, and sometimes on ocular struc- 
tures, and sometimes on all these together—makes one suspect that 
there may be a favourable condition in the soil which contributes to 
the fertility of the seed. 

In this brief communication I wish to mention a few cases which 
have impressed me with the difficulty of prognosis in this disease. 

The first is that of a young married woman, aged 23, who came 
under my care at Queen Square Hospital some years ago. She came 
to the out-patient room, walking with difficulty, spastic and ataxic, 
with sphincter disturbances and nystagmus. All her deep reflexes were 
active, there was ankle-clonus on each side and an extensor response 
from each sole. Her abdominal reflexes were absent. She was admitted 
to the hospital and was treated with rest in bed, massage, and a simple 
tonic. She was able to leave in six weeks, apparently in perfect health. 
The spasticity and ataxy and the sphincter difficulty had disappeared, 
and but for the fact that the plantar reflexes remained extensor and 
that her abdominal reflexes were absent, she would have been pronounced 
to be cured; twenty-five vears ago the case would have been regarded 
as a functional one. She resumed her household duties and was ap- 
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parently well for two years. She then had a baby, and three years 
after her discharge she again sought advice for a recurrence of her 
former symptoms. She was unable to come into hospital, but as much 
rest as possible was advised, and she was given small doses of arsenic. 
She again improved, but never quite regained her former state of good 
health while under observation. The spastic condition of her legs 
remained and the nystagmus persisted, although the weak condition of 
the sphincters disappeared. I then lost sight of her. 

The next case which I wish to mention is that of a lady, aged 40, 
married but childless, who was sent to me by Dr. Hewetson, of Reigate. 
Her history was peculiar. At the age of 17 she had a bad attack of 
scarlet fever, lasting ten weeks. After a long convalescence she went 
to the country, where she had diphtheria and was treated with anti- 
toxin. ‘T'welve months after this she had diplopia with impaired vision 
in one eye. A year later she had curious sensations in her left hand 
and some failure of power, causing her to drop things. These symptoms 
lasted for several weeks. Again, a year later, she had some slight loss 
of power in the left leg. All this happened before she came under 
Dr. Hewetson’s care, and he had been informed that she had had three 
attacks of diphtheritic paralysis. It is obvious, however, I think, that 
this was not the true explanation of the recurrent attacks of weakness. 

I saw her on February 8, 1923, and the history then was that she had 
been quite well since her third attack of so-called diphtheritic paralysis 
eighteen years previously, until a few weeks before I saw her. She 
now experienced weakness in the legs and giddiness, but this passed off, 
to recur a few days later after a long walk. To the difficulty in walking 
were superadded numbness of the hands with awkwardness in carrying 
out fine movements and difficulty in articulation. The sphincters were 
unaffected and there was no diplopia. When I saw her she had slurred 
articulation, awkwardness in using the hands, unsteadiness in standing 
and walking, but no nystagmus and no sphincter trouble. The deep 
reflexes were exaggerated, ankle-clonus was present on both sides and 
each plantar reflex was extensor. I could elicit no abdominal reflexes. 
Although there was no diplopia or defect of vision, both optic discs were 
pale, especially on the temporal sides. 

The condition was obviously, I thought, a serious one, and complete 
rest in bed for several weeks was recommended, and the administration 
of small doses of arsenic. I saw her again on July 3 in the same year. 
She then looked the picture of health, was able to do fine needlework, and 
to stand steadily and walk well without undue fatigue. But for the 
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presence of ankle-clonus and extensor responses from the sole one would 
have said that she had completely recovered, and before our knowledge 
of the vagaries of the clinical course of disseminated sclerosis had 
become as complete as it is, the case would undoubtedly have been 
regarded as a functional one. I may add that Dr. Hewetson saw her 
on November 1, 1925, and informs me that she has remained quite 
well. 

The next case I have to mention is that of a lady, aged 29, whom I 
saw in December, 1916, with Dr. Ethel Bentham at the instance of 
Mr. Percy Flemming. She had been well until early in 1916 when she 
had a transient attack of what was called rheumatism. In March of 
the same year she had retrobulbar neuritis in the left eye. She had 
recovered from this on May 3, when Mr. Flemming noticed nystagmus 
and she complained of pins and needles in the hands. In July she 
went away for a couple of months, and returned in September and was 
seen in October by Dr. Bentham looking very well, but she had very 
active knee-jerks and ankle-clonus. In November there was weakness 
of arms and legs and unsteadiness in standing. In December this 
weakness had increased, and there was paralysis of the right third nerve 
and of the left sixth nerve, and weakness of the left side of the face. 
This was the condition when I saw her, and I found very active knee- 
jerks, a definite extensor response from the right sole, the left plantar 
reflex being doubtful. The condition was thus a definite one of dis- 
seminated sclerosis with ocular palsies, a history of retrobulbar neuritis, 
nystagmus, facial weakness, spastic and unsteady gait, and reflexes 
indicative of pyramidal affection. 

I did not see her again until July of last year (1925). She told me 
that after resting a few weeks she had made a complete recovery and 
remained well. She seemed to be in perfect health. was able to stand 
steadily and walk well. She had no eye trouble, and but for the pallor 
of the left disc and the presence of ankle-clonus and extensor plantar 
reflexes, one would have passed her as quite normal. 

I should like to refer to another case, because both in its history and 
course it presents a very striking contrast to those I have just mentioned. 
A lady, aged 29, previously very healthy and living in the country under 
unusually favourable conditions, active and interested in country 


pursuits of a not too exacting nature, consulted Mr. Lawford on account 
of impaired vision. Mr. Lawford found that there was pallor of both 
optic nerves, and asked me to see her with reference to the possibility 


of this being associated with symptoms of general nervous disturbance. 
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I examined her carefully and could find nothing amiss, except that 
she had an extensor response from one sole. The subsequent history 
can be related briefly. She rapidly developed all the symptoms and 
signs indicative of disseminated sclerosis in its most severe form, and in 
spite of the greatest care and most skilful nursing she died eighteen 
months after she first sought advice. 

I wish now to relate the history of the only case of this disease 
which I have known to make an apparently complete recovery. A lady, 
aged 31, engaged in High School teaching, was sent to me by Mr. Perry 
Fleming in 1911, on account of weakness and difficulty in walking and 
burning feelings in her right leg especially, although present also in the 
left. She was a strenuous worker and was much troubled by her weak- 
ness. I found on examination that her deep reflexes were very active and 
that there was well-marked and sustained ankle-clonus on the right side- 
I could not elicit any plantar or abdominal reflex. Nystagmus was 
present but no other ocular or visual defect. In order to enlist her help 
in treatment I explained to her that I thought there were slight changes 
in her spinal cord, and that it was essential, in order to prevent these 
from becoming worse, that she should rest a great deal. Her circum- 
stances rendered it necessary that she should resume her work. She 
rested as much as she could and in the holidays had periods of complete 
rest in bed. I saw her at long intervals during the next three years and 
was never able to note any change for the worse. Her sensations of 


burning, &c., disappeared and her power of getting about increased. 
The spastic condition of the right leg gradually lessened, and in 1920 
I was able to tell her that now I could elicit no sign of structural change. 
She has remained well since and able to do her work, but she is on a 
lower level of physical activity than she enjoyed before the onset of her 
illness. I think one can be hopeful that in this case the damage to the 
cord was slight and that almost complete compensation has been 


effected. 

The nature and source of the poison which causes the condition of 
insular or disseminated sclerosis is, as I have already said, still obscure. 
The presumption is, that it is a poison, and that 1t is a poison which gains 
access to the body from outside. If this is so, the history of such cases 
as those described carries the suggestion that a toxin may be produced 
which is liable to periodic release, under conditions which favour this, 
e.g., some slight injury or illness, and that then the natural antitoxins 
of the blood are called out and the further release of the toxins prevented 
or their activity perhaps mitigated or controlled. If these natural 
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antitoxins are not sufficient in quantity or defective in quality we may 
have a progressive disease established—not remaining uniform in its 
progress. 

This view of the mechanism of the processes in this disease may 
seem somewhat theoretical—yet it seems to me to be not unreasonable. 
I have incidentally referred to the likelihood of illness or injury favour- 
ing the development of disseminated sclerosis. That overwork or 
strain of a definite character sometimes immediately precedes the onset 
I think everyone with experience of the disease will acknowledge. 
I can recall the case of a young girl actively engaged in secretarial 
work in which she had much manual writing, combined with the 
mental strain involved in translating documents in more than one 
language. She found one day that she could not use her right hand or 
arm—a condition which was regarded as one of functional or hysterical 
paralysis. This seemed to be borne out by the rapid recovery which 
took place after an application of the faradic battery. Within a few 
months, however, there was characteristic tremor in that arm, there 
were ocular paralysis and nystagmus and spastic and ataxic gait, with the 
usual change in reflexes. Sphincter trouble supervened, and she died 
four years after the appearance of her first symptoms. 

Another case suggesting the influence of injury in evoking this 
disease was that of a railway employee engaged in shunting operations. 
He was in perfect health until one day his right foot was caught and 
twisted ina rail. The injury did not seem severe at the time, but his 
foot did not get quite well, and when I saw him six months after the 
accident he had a spastic leg with signs of pyramidal affection, he had 
tremor of the hands and nystagmus, and rather rapidly became a well- 
marked characteristic case of the affection. 

These cases may not seem quite relevant to the point which I set 


myself to discuss, viz., the prognosis in disseminated sclerosis—but | 
have cited them in support of the view I have incidentally expressed— 
that the activity of the poison in this disease is favoured by strain or 
accident. And if this is so then it emphasizes the desirability of 
complete rest as soon as the condition is recognized, for I think 
everyone with experience of this disease will acknowledge that com- 
plete rest in the early stages is likely to have a favourable influence 


on the course of the illness. 





ON THE FUNCTION OF THE RIGHT HEMISPHERE OF 
THE BRAIN IN RELATION TO THE LEFT IN SPEECH, 
MUSIC AND CALCULATION. 

BY S. E. HENSCHEN, 


Emeritus Professor of Medicine, Stockholin. 


SPEECH. 


FROM time immemorial loss of speech, unconnected with any other 
paralytic symptom, must have been noticed, but only later the connec- 
tion of disturbances of speech with lesions of the left hemisphere was 
observed. A case is related by Goethe in “ Wilhelm Meisters Lehr- 
jahre.”’ In 1800 Marc Dax observed a case of aphasia with a lesion of 
the left side of the brain, and in 1806 Broussonnet published a similar 
case in which at the post-mortem examination a destruction or ulcera- 
tion of the left side of the brain was established. In 1825 Thomas 
Hood communicated a case of aphasia due to a left-sided lesion. In 


1836 Mare Dax read a paper on the subject before a congress in 
Montpellier, in which he proposed the theory that aphasia was a 
result of disease in the left hemisphere. He supported this hypothesis 


by forty cases. 

Paul Broca, in 1861, demonstrated to the ‘‘ Académie de la Société 
d’Anthropologie”’ a patient with a severe aphasia in whom afterwards a 
remarkable destruction of the left frontal lobe was found. Twenty 
similar cases were later collected by him. Asa result of these investi- 
gations Broca has been considered as the founder of the doctrine of 
aphasia, and of the localization of this symptom to the left third frontal 
convolution, which has been called ‘ Broca’s convolution.” 

This view that in motor aphasia the third left frontal convolution is 
constantly affected, was found not to be true in all cases. Broca himself 
found that there existed cases of destruction of this convolution without 
motor aphasia, and that in exceptional cases a defect of the speech 
occurs without any lesion of this convolution. 

These observations, verified by other observers, have been the starting- 
point for the opposition to the doctrine of Broca. In France this 
opposition was especially led by Pierre Marie, in Germany by Niessl 
von Mayendorf, in Switzerland by v. Monakow, and in England by 
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Head. On the other hand, prominent authors such as Leonardo 
Bianchi, Mingazzini, Liepmann, Dejerine and myself, have accepted 
Broca’s doctrine, and believe we can explain the apparent incom- 
patibilities of the facts. 

On the other hand, some of these authors, as Mingazzini, Monakow, 
Dejerine and Liepmann, were inclined to accept Monakow’s theory, 
that these cases of destruction of Broca’s region without deficiency of 
speech are to be explained by the vicarious activity of the cortex in the 
immediate vicinity of the third frontal gyrus, or by the so-called 
‘“‘Monakow’s extended region of Broca.’’ In my latest book [1] I tried 
to prove that this explanation is not satisfactory or correct, but that the 
third right frontal convolution acts as a substitute in case of destruction 
of the left third frontal. If both the left and the right third frontal 
gyri are destroyed speech disappears completely and for ever. 
The arguments against this view are not, as I showed in my book, 
conclusive [2 | 

But this vicarious representation by the right Broca’s area is only 
incomplete. An examination of the cases hitherto published [3] shows 
that in most cases speech was in various respects more or less defective. 
a) In many cases the patient either produces only indistinct sounds 


(grognements, Geschrei) or stammers. The aphasic stuttering is, of 


course, effected by the right brain. 
(b) In other cases the patient uses only short syllables, without 





sense, frequently only the vowels o, i, a, or la—la, to—to, ti—ti—ti, 
often with reduplication or perseveration. 

(c) In a great number of cases, only short comprehensible words are 
uttered, generally yes—no (oui—non, ja—nein, si—no). This is very 
common and is sometimes not associated with comprehension or sense 
of their meaning. 

(d) But in some cases the patient is able to produce and comprehend 
short phrases or even sentences. These words are sometimes the last 
words he had uttered before the attack came on. The case of a librarian 
is well known, who after the attack only pronounced “list complete,” 
his last words before the attack. 

(e) Not uncommonly the patient, though unable to speak spontane- 
ously, preserves the ability to recite, or reflex speech. He repeats 
‘Our Father” and ‘‘ Ave Maria,’ and may count 1, 2, 3, 4, &e. Here, 
consequently, automatic speech is preserved. 

(f) The remaining speech is seldom normal and understood by the 


patient. 
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(g) Frequently there is no recovery of speech. That is especially so 
after destruction of Mingazzini’s field, which lies subcortically beneath 
the second frontal fissure where, according to Mingazzini, the fibres 
from the right third frontal convolution pass over to the left brain 
through the corpus callosum. 

There is, of course, a great variability as to the possibility of restora- 
tion of speech after destruction of the left third frontal gyrus. The 
age of the patient and individual factors of unknown nature may here 
play an important part. But in every case the right hemisphere shows 
a manifest inferiority as compared with the left, and plays an automatic 
rdle only. The destruction of the left third frontal gyrus seldom inter- 
feres with the mechanical repetition of words, which is performed by 
means of the right hemisphere. The paraphasia occurring after a lesion 
of the left third frontal convolution is also due to the activity of the 
right Broca’s area. 


AGRAPHIA. 
My researches have led me to the conclusion that a special circum- 


scribed graphic centre exists in the foot of the left second convolution 
(cortex or white matter). When the foot of this convolution is affected 


any form of agraphia may result [4]. The destruction of the graphic 
centre in the second frontal gyrus is generally combined with a lesion 
of the third frontal, and of course followed by a motor aphasia. In the 
rare cases of a destruction of the second frontal convolution only, 


agraphia appears. 

This accepted, there arises the question whether on destruction of 
the left second frontal convolution with agraphia, the right corre- 
sponding convolution can act as a substitute. There exists only a few 
positive or negative clinico-anatomical observations that can help to 
solve this problem. 

Of the five cases of isolated agraphia as a result of lesions of the 
left second frontal gyrus: (a) the power of writing did not return in 
Henschen’s case, although the patient lived about a year after the 
attack which deprived her of the power of writing; (0) in Kskridge’s 
case exact data are wanting as regards the re-establishment of writing; 
(c) in McConnel’s case an incomplete recovery of writing followed 
removal of a tumour; (d) in Campbell’s important case the power of 
writing was markedly defective (recovery is not mentioned); (e) in 
Gordinier’s case the agraphia persisted until death, three and a half 


months later. 
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In all these cases no lesion was observed in the right second frontal 
convolution. In the cases of isolated agraphia a recovery occurred only 
in McConnel’s case after removal of the tumour. The analysis of these 
cases shows that a substitution by the right second frontal convolution 
is not proved or probable. 

In complicated cases of agraphia in consequence of lesions of the 
frontal lobe, in combination with aphemia but without word blindness, 
the agraphia disappeared in spite of a destruction of the second frontal 


convolution in the cases of Liepmann (incomplete agraphia after eleven 
months, later improved, Spiegelschrift) ; Nothnagel (five months after 
incomplete destruction of the second frontal convolution) ; and Touche’s 


case (incomplete agraphia). The agraphia persisted in the cases of 
Bonvicini (slight agraphia) and Pélissier (incomplete destruction). 

It is not possible to draw any exact or certain conclusions from 
these few facts, but it seems probable that: (1) there exist cases in 
which the right side of the brain is incapable of acting as a substitute 
for the left; (2) recovery after removing the cause (a tumour) is men- 
tioned ; (3) the right hemisphere seems to have assumed the rdle of 
the left in one case, although in an incomplete manner (Spiegelschrift) ; 
(4) most cases are not conclusive. 

Consequently it is not definitely proved, either by negative or 
positive evidence, that the right hemisphere can act as a substitute for 
the left one in cases of agraphia due to destruction of the left second 
frontal convolution. It is probable that writing being a higher faculty 
than motor speech and developed by means of speaking, the right 
hemisphere never acquires this faculty. The right hemisphere must 
be, of course, considered as inferior to the left in the faculty of 


writing. 
SENSORY APHASIA. 


The study of sensory aphasia in its two forms, word-deafness and 
word-blindness, can throw some light on the functions of the right 
hemisphere. 

Word-deafness is the result of disease of the first left temporal 
convolution. The lesion does not interfere with the hearing of sounds ; 
but words, syllables and phrases are not psychically comprehended. Its 
destruction generally does not totally abolish the taculty of word-hearing, 
for after a short period of complete word-deafness some recovery occurs, 
although in an incomplete degree. 


BRAIN@VOL, XLIX. 
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Many authors, as Lichtheim and Mayendorf, have found that the 
symptoms of the lesion disappear very quickly. Bastian, on the 
contrary, asserted that recovery by compensation develops only very 
slowly, and Mirallié expressed himself: “‘ La reprise de la possession de 
toutes les facultés intellectuelles est exceptionnelle, si méme elle est 
possible ; la malade rempére la possibilité de comprendre Ja plupart des 
mots lus et entendus, mais la guérison compléte n’existe, pour ainsi 
dire, pas.”’ 

A critical examination of 800 cases of temporal lesions, with or 
without word-deafness, gave me the following results: (1) In sixteen 
cases recovery occurred, but in one or two only is there evidence that 
the recovery was complete. Consequently the right first temporal gyrus 
is not able to act as a substitute, or subserve word-hearing completely, 
(2) In other cases the recovery was only partial. (3) In many cases the 
word-deafness was irreparable. 

Complete recovery set in only exceptionally within 2 weeks, oftener 
after 5 to 74 months, but in some cases it was delayed for 2 to 4 years; 


partial recovery may be complete within 2} months. 
There can be little doubt that recovery after destruction of Wernicke’s 
field is effected through the first right temporal gyrus acting as a 


substitute for the left; the destruction of both these convolutions is 
always accompanied by a total irreparable word-deafness. 

It remains to be seen what degree of recovery is possible, the 
returning faculty of word-hearing being a measure of the capacity of 
the right temporal gyrus in word-hearing or word-understanding. In 
the numerous examples recorded in the literature the comprehension of 
the psychical import of the heard word was nearly always defective. 

It is of special interest that in many cases the faculty of repeating 
of words, or echo-speech, is preserved, although the patient does not 
comprehend the import of the heard word. This form of defect with 
the preservation of the reflexes is regarded by the majority of the authors 
as a ‘‘ transcortical sensory aphasia,”’ a special form of aphasia [5]. An 
analysis of all the cases published has convinced me that this is an 
error; echo-speech may be possible in spite of word-deafness ; only on 
bilateral destruction of the first temporal gyrus does reflex speech 
disappear. 

From these numerous facts it is obvious that the power of hearing 
and understanding words by means of the right temporal lobe after 
destruction of the left (Wernicke’s field) is very limited; a mechanical 
or physiological reproduction of words may be possible, but not psychical 
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comprehension. This fact shows the inferiority of the right hemisphere, 
especially of the right temporal lobe. 

A common result of word-deafness is paraphasia. The patient hears 
the spoken word, but in an incorrect manner, and of course he is not 
able to speak correctly. This paraphasia is due to defective word-hearing. 
Frequently the patient does not recognize that his own speech is 
incorrect. There exist, however, two forms of paraphasia: in the one 
the patient does not comprehend the import of the heard word, in the 
other this is not the case. In the former speech may be carried out 
by the left hemisphere, in the latter by the right temporal lobe. 

A person who is not able to understand words after destruction of 
the left temporal lobe sinks to the level of primitive man. He utters 
and understands only very simple words, the faculty of forming complete 


or combined phrases disappears, and he relies mainly on gestures to 
indicate his wishes. The right temporal lobe is, of course, sufficient for 
the more primitive psychical life; only by using the left temporal lobe 


can man reach a higher level of psychical development. 


Worpb-BiInDNESS. 


Different views have been expressed by the most prominent authors, 
as Wernicke, Dejerine, Mayendorf, Bastian, Kussmaul and others, 
on the relation of word-blindness to word-deafness, and on the 
localization of word-blindness; the majority accept the view that 
word-blindness is not an independent or special form of aphasia, but 
only a special form of word-deafness, without any special localization. 
(Wernicke, Dejerine, Mayendorf.) 

By my own researches I have tried to prove that although one 
generally learns to read by word-hearing, the faculty of word-reading 
later becomes independent and has a circumscribed centre in the angular 
gyrus. Destruction of the angular cortex always produces word-blind- 
ness, or inability to read and understand words, syllables and phrases. 

There are many different forms aud degrees of word-blindness ; it 
may be more or less complete for words, letters and phrases, or in some 
cases may extend to only a few of these. There are two chief types: 
in the one the patient is able to read, but not to understand the read 
word ; in the other the patient cannot read at all. 

On destruction of the angular gyrus there is at first a complete word- 
blindness, but in some cases recovery sets in after the attack. Com- 
plete word-blindness is the most common. In incomplete recovery the 
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patient can read single letters only, often not all letters; or he is able 
to read letters, but not words; or he is able to read only certain words, 
but not letters. Frequently reading is only mechanical, the patient not 
understanding or understanding only partially; or he reads incorrectly, 
forms strange words and proceeds only with great difficulty or by 
spelling; he has often a feeble memory of words. A great many word- 
blind people never regain the faculty of reading words, and remain 
incurable all their lives. 

It may be assumed that after a total destruction of the left angular 
convolution the power of reading returning or remaining depends on 
the right angular gyrus. It is obvious that this gyrus cannot com- 
pletely take over the functions of the left, and that as a substitute it is 
very defective. We meet here the same law, that the right angular 
gyrus has only a low degree of function as compared to the left, and 
that its function is a mechanical one only; it does not make it possible 
for the individual to comprehend psychically the meaning of the read 
word. 

From this short review of the part played by the right hemisphere 
in speech-hearing, reading, motor speech and writing in those cases in 
which the right hemisphere acts as a substitute for the left, it is evident 
that the right hemisphere does not reach the same high level of 
psychical development as the left, and is unable to effect full com- 
prehension of the speech in its different forms, hearing, reading, talking 
and writing. 

It is also evident that the right hemisphere functions more com- 
pletely in respect to spoken and heard words than in reading, but that 
it very seldom acts as a substitute in writing. 

The faculties of speaking and word-hearing are the most primitive, 
reading is a result of special training and education, while writing 
is learned only later and as a rule by means of reading. Writing 
may be considered as the highest and most difficult to acquire, and 
requires the most complicated education; it indicates the highest 
evolutionary level of speech. If it is abolished by an organic destruc- 
tion of the left second frontal gyrus it is doubtful if recovery is possible. 
We consequently arrive at the conclusion that the right brain first takes 
the rdle of the left in the relatively low faculties, and only later those 


which require a higher and more special education. This fact is to be 
considered as an expression of a law of development of mental faculties 
as concerns the right brain, and, by analogy, an earlier psychical 
development of the left brain. 
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Music. 


In addition to gestures there are two means by which we can express 
our thoughts and feelings: language and music. The former is an 
expression in words of our intelligence as well as of our feelings; the 
latter is especially adapted to express our emotional life and has of 
course not the clear form of language. 

The musical faculty has forms analogous to those of language, and also 
analogous pathological forms. We have acoustic forms of amusia, that 
is inability to comprehend music as music, inability to sing, read and 
write music, and also to execute music, a form of music apraxia. All 


these disturbances of the faculty of music have, of course, forms analo- 
gous to those of the language, and each of these forms has its peculiar 


localization in the cortex. 

Consequently the questions arise if the different types of amusia are 
localized exclusively in the left or in the right hemisphere, and the 
part the right hemisphere plays in relation to the left when the latter 
is defective. 

In my book on Amusia [6] I have maintained, contrary to other 
authors, the opinion that most forms of amusia are localized in the left 
hemisphere only, with exception of some forms of instrumental music 
which require the use of both hands (as the piano), or almost exclu- 
sively the left hand, as the violin and ’cello. 

The question is consequently if when the centres of music in the 
left hemisphere are destroyed the right hemisphere is able to function 


in their place. 
Motor Forms oF AmusIA. 


By numerous experiments by Duret, Kraus, Vogt, Horsley, Semon 
and Fredericq, it has been proved that the centre of phonation is 
localized more frontally than that of words, and that this is bilaterally 
represented. Unilateral destruction does not destroy the power of 
barking ; this is caused only by bilateral lesions (Bechterew). 

Cases recorded by Kostenitsch, McDonnel and Moutier show that 
in cases of destruction of the left centre for singing the right hemis- 
phere can take on its functions, and also that the left hemisphere 
suffices for singing (Henschen’s Case 3). 

It cannot be denied that some cases (Mendel, Ludwig, Mann) seem 
to point to a localization of the faculty of singing in the right hemis- 
phere, but evidence is not absolutely conclusive [7]; on the contrary 
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inany cases indicate that the power of singing is localized in the left 
third frontal convolution in front of Broca’s area (thirteen cases). 

In many cases of motor aphasia the faculty of singing words is con- 
served in spite of the complete inability to speak a single word. In 
such cases the patient probably sings by means of the right hemi- 
sphere. 


SENSORY AMUSIA. 


The hearing and comprehension of music is probably localized in 
the left temporal pole, but some cases [8] suggest that the destruction 
of the right temporal pole can produce amusia, or that the musical 
faculty may be affected in spite of preservation of the left temporal pole. 
Consequently the right temporal pole acts as a substitute in many but 
not in all cases, and can compensate the deficiency of the left temporal 
pole; but the left temporal pole seems to compensate defects more 


completely than the right. 

The published data are too few to decide the localization of the 
remaining three forms of amusia, musical note-blindness and agraphia 
of notes, and instrumental amusia or musical apraxia. That note- 
blindness is localized in the vicinity of the left angular gyrus, but is not 
coincident with it, is probable, but it has not yet been possible to 
establish whether the right angular gyrus is able to take on these 
functions when the left is destroyed. The part played by the right 
angular gyrus in note-blindness is still uncertain. 

It is impossible at present to express any opinion on the rdle of the 
right hemisphere in writing musical notes, and the possibility of it 
compensating a defect of the left-sided centre for writing musical 
notes. 

The power of playing musical instruments, and its pathological form, 
musical apraxia, may not be localized in a constant and circumscribed 
cortical centre, but may be represented in different localities, according 
to the different instruments. It is at present impossible to insist on 
their precise localization in the cortex. Some facts indicate the locali- 
zation of the faculty of playing the violin or 'cello to the foot of the 
right second frontal convolution, the violinist being practically left- 
handed. This interesting fact indicates that the right hemisphere is 
able to develop its faculties through education or training to the very 
high degree which is necessary for playing the violin. 

The musical faculty is phylogenetically older than language; some 
animals have a musical faculty—birds in a high degree. It is also 
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ontogenetically older, for the child begins to sing earlier than to speak. 
The musical faculty is, of course, from this point of view an inherited 
faculty. Further, the right hemisphere is more able to take over the 
musical functions of the left hemisphere when this is damaged, than it 
can in the functions of speech. 


These researches on the possibility of a substitution of the right 
hemisphere for the left when the latter is damaged, have led me to the 
following important and perhaps fundamental conclusions :— 

(1) That the right hemisphere can best act as a substitute for the 
left in the hearing and speaking of words. 

(2) That this capacity of the right hemisphere is less developed as 
regards reading and especially writing, that is the higher faculties 
which are acquired only by education in the civilized nations. 

(3) That the musical faculty is phylogenetically as well as onto- 
genetically older than speech, and its representation is more uniformly 
distributed over both hemispheres. Consequently the right hemisphere 
can more fully take over the musical function of the left hemisphere 
when it is damaged than in the case of speech. 

In quadrupeds both hemispheres probably have equal and similar 
functions and are developed to the same degree; it is only in man and 
perhaps in the erect walking anthropoids that the right arm is developed 


to a special organ for more complicated acts. This fact appears to 
indicate the general law that bilaterally gifted animals attain a higher 
degree of development of the one side only at the cost of reduced 


faculties of the other side. 

The question therefore arises if the right hemisphere is a regressing 
organ, or if in the right half of the brain there are large cortical fields 
capable of being educated by training, and reserved for future higher 
development and possibly for new faculties. 

Nature generally provides mechanisms and material in greater 
quantity than is necessary for daily use. In the lungs, liver and kidneys 
we have great reserves which can be used in cases of failure or destruc- 
tion of parts of them. It is possible that the right hemisphere is a 
reserve organ. Experiences in the education of aphasics seem to 
indicate that the right hemisphere is able to reach a considerably 
higher development than is usually supposed. 

In this fact lies perhaps the hope of future development of the brain 
and of the intelligence of future generations, and consequently a happier 
existence for mankind. 
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But it is also possible that this hemisphere is in part a regressing 
organ. Its motor functions and those parts related to the five senses, 
which are necessarily bilaterally represented, must always remain. 


CALCULATION. 


It now remains to consider if in arithmetic or calculation the right 
hemisphere is also able to act as a substitute in case of defect of the 
centre in the left hemisphere. 

I have made researches on the localization of the faculty of caleula- 
tion, but the available clinical observations and anatomical examina- 
tions are fewer and not so reliable as those relating to language and 
music. 

The cases published show clearly that special centres exist for 
calculation, and that they are separated from those of language and 
music. These centres lie, however, in the neighbourhood of those of 
language and music, for there is often a disturbance of all three, but 
the centre for calculation is often preserved when the centres for 
language or music are destroyed. 

An analysis of the available cases proves that in calculation the 
visual factor plays an important rdle, and that the left hemisphere is 
generally the more concerned in it. It is not impossible that in some 
cases the right hemisphere can act as a substitute for the left when this 
is severely damaged, at least in simple counting and enumeration of 
figures. The enumeration of figures becomes by training a mechanical 
or automatic process, and it is probably for this reason that the right 
hemisphere is able to act as a substitute. Lesions that cause acalculia, 
or impossibility of calculation, are often very large and associated with 
word-blindness and agraphia or severe visual disturbances. Blindness 
to figures, according to Peritz, was present in his case of lesion of the 
right half of the brain. 


We have seen that in speech, music and calculation, the left hemi- 


sphere plays a predominant or exclusive réle. It is commonly accepted 
that the predominance of the left hemisphere in these functions is 
related to right-handedness. According to Wundt language has 
developed out of gesture, which is generally made with the right hand. 
Consequently the question resolves itself into the primary cause of 


right-handedness. 
The bodies of the higher mammalia are often asymmetrical, but no 
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constant predominance of one half over the other has been proved by 
exact observations in quadrupeds. A predominance of one hemisphere 
of the brain has certainly not been demonstrated, nor has it yet been, 
as far as I know, an object of research. 

There exist numerous observations on the use of the anterior 
extremities in monkeys; according to some the monkey when grasping 
an object more frequently uses the right arm and hand, but by others 
these observations are declared not to be conclusive. 

Mollison, who measured the length of the extremities of the monkeys, 
came to the conclusion that the asymmetry was more common in the 
high than in the lower species. The right side predominated in hylo- 
bates and the orang-outang, the left in the chimpanzee and the gorilla. 
Ogle particularly has emphasized the predominance of one side, and his 
observations have been verified by Seeligmiiller, Martin, Dwight and 
by Behm; but Hollis, Brinton and Cunningham arrived at different 
conclusions. According to Osawa, monkeys are right-handed or 
ambidextrous, seldom left-handed, but Cunningham did not detect any 
difference in weight between the bones of the right and left extremities 
in the chimpanzee. 

According to Gaupp the whole question is still open, but he is 
inclined to think that only man is constantly right-handed, and that 
right-handedness is a specific and distinctive mark of man. Gaupp 
emphasizes the fact that this character has been present in all nations 
of the world from oldest times to the present day. In no nation is left- 
handedness predominant. 

In a picture in the Madelaine cave a man is shown with a stick in 
his right hand and on his right shoulder. Probably the man of the 
paleolithic time was right-handed, but ambidexterity is, according to 
Cunningham, more common among aborigines than in civilized nations. 

In the new-born child there is no predominance of one hand or one 
arm over the other, the young child is ambidextrous. In the tenth 
month, however, the child becomes definitely right-handed. According 
to many authors left-handedness is found in between 1 to 4°5 per cent. 
of adults, but among soldiers Stier found that the percentage varied 
very much in different provinces, from 2°32 to 6°50 per cent., and 
Moutier found about 10 per cent. of hospital patients left-handed. 
Ambidexterity is more common in idiots than right-handedness. 

Although this question is still unsolved, the following arguments 
seem to me plausible. Quadrupeds use their limbs equally, but among 
erect monkeys there is a tendency to a predominant use of the right 
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upper extremity. This predominance of the right arm and hand is 
characteristic of man, and appears among all peoples from the oldest 
prehistoric times. It appears in a child in the first year of life. There 
is, of course, no doubt that the right-handedness is inherited from the 
highest erect animals and not due exclusively to education, though it is 
intensified by it. Education develops and elaborates it. 

Many theories have been propounded as to the cause of dexterity. 
That which seems to me the most probable is that the greater use, and 
consequently the greater development in volume and strength, of the 
right hand has made it more serviceable than the left. 

EK. Gaupp, on the contrary, prefers the theory that the primary 
cause lies in the higher development of the left brain, but there are few 
facts to support it. There is no proof that the left half of the brain is 
originally more developed. On the other hand, experience shows that 
the exercise of a limb, as in sport, is followed by its hypertrophy and 
greater skill. This makes it very probable that an important factor of 
the higher development of the left brain is the hypertrophy of the right 
arm and hand. It is also proved by the progressive differentiation of 
the right hand, even after puberty (Stier). During the thousands of 
years that mankind existed the right superior extremity has been used 
more than the left, and there has been adequate time for the left brain 
to develop more than the right. On the other hand, Stier has proved by 
his statistics on German soldiers that left-handedness is inherited and 
is often combined with a lower degree of intelligence. This fact may 
be in favour of the theory that the primary cause of the predominance 
of the right side of the body is a pre-existing predominance of the 
‘left brain. Stier has remarked that the right side of the face also 
shows a greater mobility than the left. The faculty of speech is less 
developed in a greater percentage of left-handed individuals, who 
stammer more frequently or otherwise suffer from defects of speech. 
The number of stutterers among right-handed individuals amounts to 
1°37 per cent., among left-handed to 4°88 per cent. The same holds 
for writing in right-handed and left-handed individuals. 

All these facts seem to be in favour of the theory of a primary 
organization of the brain as the original cause of the predominance of 
the left side of the brain. In nature there seems to be a law that in 
order to attain full development of higher faculties originally 
distributed over two organs, a concentration of the capacity in only one 
of them is necessary. Development in nature always depends on the 
differentiation of a pre-existing faculty. 
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The author had the opportunity in 1923 of examining the skull of 
a gorilla in the museum of University College, London, with 
Professor Elliot Smith, and observed that the left half of the skull was 
more jprominent than the right half. Professor Elliot Smith verified 


this observation. This gorilla was probably right-handed.' 
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1 I have later been able to examine the skulls of six gorillas obtained in the expedition of 
Prince William of Sweden, and Il have found that in all of these there is a greater prominence 
of the posterior part of the left side of the skull ; this is greater in old males than in younger 
specimens and females. In a young gorilla there was no asymmetry. Hagenbeck of 
Hamburg has sent me a photograph of a Gabun-gorilla throwing sand on his keeper with 
his right hand, 





Proceedings of the Scction of Weurology of the 
Royal Society of Medicine. 


President—Dr. H. CAMPBELL THOMSON. 


Clinical Meeting held at the Hospital for Epilepsy and Paralysis, Maida Vale, 
on January 14, at 8 p.m. 


A Case of Post-Encephalitic Parkinsonian Syndrome without 
History of Encephalitis. 


By Dr. WILFRED HARRIS. 


CHARLES B., aged 165. About 8 months ago he noticed that he dragged his 
left foot, especially after walking for some distance. Two months later he found 
that his left arm would “ stick to his side,” and when he moved it he had pain 
in the upper arm, so that he would use one hand only at his work—typewriting. 
He used to drop things from his left hand, which has felt colder than the right. 
Two months ago he noticed that he dribbled from his mouth on to the pillow. 
His mother remarked about his slow movements fifteen months ago, but his 
speed has improved during the last four months. 

There is no history of any illness or symptom (e.g., diplopia or insomnia) 
suggesting an acute attack of encephalitis lethargica, although the patient has 
the typical Parkinsonian syndrome. 

Condition on admission.—Patient is well nourished, but has an expressionless 
aspect and staring facies. His gait is stiff and he holds his head and left arm 
still in walking; tendency to retropulsion; is quite intelligent and apt in 
answering questions; cranial nerves normal; speech monotonous, Arms: fine 
tremor of hands, right > left; increase of tonus in left arm and voluntary 
movements tend to be slow; some loss of power. Reflexes: supinator, right 
and left 0; biceps and triceps, right and left -+ ; co-ordination good. No 
sensory changes. Leys: increase of tonus in left leg and loss of power. 
Reflexes: knee-jerks—right and left + +; ankle-jerks, right and left + 
plantar—right flexor, left ? extensor; no sensory changes: co-ordination good. 
Heart: normal; blood-pressure, 145/70 mm. Hg. Lungs: normal. 


A Case of Post-Encephalitic Parkinsonism (without History of Encephalitis), 
By Dr. A. FEILING. 


Male, aged 18. Six months ago he noticed that his head began to droop 
forward and that his movements became slow; later saliva began to dribble 
from his mouth and his feet knocked together when walking. 
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Typical appearance and gait of Parkinson’s disease; no ocular changes ; 
marked sialorrhcea ; some rigidity of all limbs; no alteration of reflexes; only 
slight tremor. 

Dr. HOLMES said that one of the points of interest raised by these cases was 
how far back one had to go for a possible attack of encephalitis, or alternatively 
how long after an acute attack of encephalitis might the onset of Parkinsonian 
symptoms be delayed. He mentioned the case of a medical man, 37 years 
of age, whom he had seen recently, who had remained entirely free from 
symptoms for four and a half years after an attack of encephalitis; now he 
has developed characteristic Parkinsonian symptoms. 

Dr. W. J. ADIE referred to the case of a girl, 23 years of age, who had 
recently developed symptoms after an attack of encephalitis in the year 1919. 

Dr. CAMPBELL THOMSON said that in his experience the interval between 
the acute attack and the Parkinsonian symptoms did not exceed two years. 

Dr. M. CRITCHLEY referred to a woman, 30 years of age, in whom symptoms 
first appeared four and a half years after the original attack. 

Dr. A. FEILING mentioned a woman, 40 years of age, who developed 
Parkinsonism more than five years after an attack of encephalitis. 


Case of Multiple Neuritis. ? Post-Diphtheritic, ? Syphilitic. 
By Dr. A. FEILING. 


J. B., aged 30, was admitted to the Willesden Isolation Hospital on 
August 19, 1925, with diphtheria. The attack was severe with mania; the 


speech was stammering and the tongue tremulous, but the knee-jerks were 
preserved and there was no affection of the eye or of the palate. He was 
discharged from hospital on September 19, and it was then recorded that the 


knee-jerks were present. 

On October 24 he began to suffer with pins and needles in the hands and 
feet (nine and a half weeks after the onset of the diphtheria). Weakness of 
the hands and feet followed. These symptoms were preceded by the appear- 
ance of a small abscess on one toe which was opened and soon healed. 

On admission to hospital on November 17 the signs were as follows: 
Definite motor weakness of all four extremities, but especially of the distal 
joints; no actual paralysis of any movement and no foot-drop. Loss of the 
tendon reflexes in both arms and both legs. Flexor plantar responses. Distinct 
blunting of sensation to pinprick and to light touch over the right hand and 
both feet; some diminution of vibration sense in the feet and lower parts of 
the legs. No ataxia. No affection of any of the cranial nerves. 

Wassermann reaction in the blood positive (twice performed). 

Cerebro-spinal fluid.—No excess of cells or of globulin; albumen present in 
excess; Wassermann reaction negative. Colloidal gold curve 
(syphilitic curve). 

Great improvement has taken place; the knee-jerks have reappeared, but 
the ankle-jerks are still lost. Treatment has been by mercury and iodide by 
the mouth, and intravenous injections of novarsenobillon. 





126 PROCEEDINGS OF THE SECTION OF NEUROLOGY 


Against the diagnosis of diphtheric neuritis in this case were the facts that 
the symptoms set in more than two months after the acute illness, that the 
knee-jerks were retained during the acute illness, and that there were no 
palatal or ocular palsies. On the other hand, there was no history of syphilis, 
and the Wassermann reaction was negative in the cerebrospinal fluid. The 
colloidal gold curve and the rapid recovery under antisyphilitic treatment 
make, however, the diagnosis of syphilitic neuritis possible. His own opinion, 
however, was that this case was one of diphtheric neuritis. 

Dr. J. P. MARTIN stated he had never seen a case of syphilitic neuritis, 
and from an investigation of cases in the literature he was doubtful if it 
occurred. In some of the cases described the spinal roots were simply involved 
by syphilitic pachymeningitis. 

Dr. W. HARRIS said that the existence of a syphilitic polyneuritis must 
be accepted, but it must be borne in mind that neuritis may develop in the 
course of treatment of syphilis, especially by arsenical compounds. 

Dr. D. MCALPINE referred to a case of polyneuritis with facial paresis of 
syphilitic origin, which recovered rapidly under antisyphilitic treatment. 

Dr. M. CRITCHLEY described a case of generalized polyneuritis which 
developed in a case of syphilis treated by intramuscular injections of bismuth. 
In this case there was also a certain degree of chronic interstitial nephritis. 
The manifestations of the neuritis subsided quickly on the cessation of the 
bismuth injections. 


Case of Double Optic Atrophy with Cerebral Agenesis. 
By Dr. A. FEILING. 


Male child, aged 2 years 2 months, was brought to hospital in January, 
1925, because “ he seemed nervous.” A full-term child and a normal labour, 
Weighed 83 lb. at birth and was breast-fed up to'9‘months. Two other children 
in the family both normal. No miscarriages. Mother appears healthy. 
Father suffers “ with nerves from the war.” 

In January, 1925, was well nourished and well grown. Was quite unable 
to sit up and took no interest in surroundings. Head measured 17 in.; the 
fontanelle was closed. Did not seem to see properly. Examination of the 
eyes under an anesthetic by Mr. Williamson-Noble showed that both discs 
were greyish-white in colour; the blood-vessels were of fairly good calibre. 
Some retinal atrophy was present. 

Hearing was normal. Voluntary movements of all four limbs actively 
performed. No abnormality of the reflexes. Wassermann reaction in the 
blood negative. 

Since January, 1925, no improvement. Child is still unable to talk, to 
walk, to stand or even to sit up unaided. Is quite blind; constant nystagmoid 
movements of both eyeballs. No evidence of any actual paralysis of the limbs. 





CLINICAL MEETING 127 


Case of Disordered Respiratory Rate and Involuntary Crying ; After-effects of 
Epidemic Encephalitis. 


By Dr. WYLLIE. 


The patient, a girl, aged 13, had an illness eighteen months ago with 
insomnia and headaches, and appeared to make a good recovery. The present 
attacks have occurred in the last six months with increasing frequency. They 
consist of a short period of rapid shallow breathing, often followed by loss of 
consciousness, with tonic contraction of the limbs and ending with a brief spell 
of crying. 

No oculo-motor palsies are present and the reflexes are normal. Between 
attacks she is mentally alert. There is considerable emaciation. 

Dr. M. CRITCHLEY said that although he was interested in the respiratory 
disorders that follow epidemic encephalitis, he had never met with attacks of 


involuntary crying such as this patient showed. 
Dr. P. CLOAKE mentioned similar attacks of erying in a child of 18 months 
of age, but the attacks always followed increase in the respiratory difficulties 


and he assumed that they were entirely secondary thereto. 


Case of Paraplegia with Cerebellar Defect in a Child of Syphilitic Parents - 
Sister exhibiting Nystagmus, Bilateral Pes Cavus and Arthritis of Hip: 
Wassermann Reaction Negative in both Patients. 


By Dr. W. RUSSELL BRAIN. 


Arthur §S., aged 18, has noticed for four months dragging of the left lower 
limb, which was followed later by weakness of the left upper limb, dysarthria, 
diplopia and difficulty with micturition. 

Family history.—The parents were married in 1891. The father died in 
1914 of general paralysis, the Wassermann reaction being positive in his 
cerebro-spinal fluid. The mother in 1896 developed a disease characterized 
by rash and sore throat for which she attended Fulham Infirmary, and which 
she was told was syphilis. The nature of her treatment is not known. She 
has irregular pupils with a brisk but ill-sustained reaction to light, slight ptosis 
of the right upper lid, a slight right hemiparesis with increased tendon-jerks, 
absent abdominal reflexes and an extensor plantar response on the right side. 
The Wassermann reaction in her blood is negative. 

The following children were born before the mother’s illness: (1) female, 
died aged 9 months, of convulsions; (2) female, 31, when examined was found 
to have nystagmus to right and left, but no other evidence of nervous disease ; 
(3) female, 28, alive and well; (4) male, died, aged 9 months, of convulsions. 
After mother’s illness (5) (6) (7) (8) and (9), still-births ; (10) male, 20, alive 
and well; (11) Arthur, 18, and (12) Eliza, 14, the present patients; (13) 
female, 8, alive and well. Apart from the father no known relative has suffered 
from any nervous disease. 

Present condition.—Patient is somewhat undersized, with fine dark hair. 
The bridge of the nose is a little depressed; the teeth are normal. He is rather 
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unintelligent and emotionally facile; speech is slurred. There is slight pallor 
of the temporal half of the left disc, but otherwise the fundi are normal. The 
pupils and pupillary reactions are normai; the ocular movements are full ; 
there is coarse nystagmus on lateral fixation to the right and left; 
diplopia or ptosis is present. There is slight weakness of voluntary movement 
of the right side of the face; the movements of the soft palate and tongue 
are normal. There is some loss of voluntary power in both upper and lower 
limbs, more marked on the left side than on the right. Tone is diminished in 
the left upper limb, but increased in the extensors of both lower limbs. Inco- 
ordination is present in all four limbs, more marked on the left side than on 
the right, and in the lower than in the upper limbs. The tendon-jerks are all 
exaggerated ; there is bilateral ankle clonus ; the abdominal reflexes are absent, 
There is no anwsthesia, 


no squint, 


and there is a bilateral extensor plantar response. 
analgesia or loss of postural sensibility, or of appreciation of vibration. No 
talipes. The gait is ataxic and spastic. Rhomberg’s sign is present. The blood 
W.R. has been negative on two occasions. Examination of the cerebro-spinal 
fluid shows four cells per cubic millimetre, total protein 0°120 per cent. Nonne- 
Apelt positive, Lange 4444443310. W.R. negative. 

Eliza S., aged 14, sister of the former patient, has suffered for a few weeks 
from pains in the left elbow and the left leg. She exhibits no abnormality of 
the central nervous system except nystagmus on extreme lateral fixation to 
right and left, more marked to the left than to the right. The teeth are normal. 
There is bilateral talipes equino-varus with some contracture of the calf 
muscles. There is some limitation of flexion and extension of the left hip, 
with pain on passive movement of this joint, and + in. shortening of the left 
leg. A radiogram shows in both hips “a patch of erosion at the inner end of 
the epiphyseal line of the femur.’’ The blood W.R. has been negative on two 
occasions. Examination of the cerebro-spinal fluid shows two to three cells per 
cubic millimetre, total protein 0°025 per cent. Nonne-Apelt negative; Lange 
0001114300. W.R. negative. 

Three possible diagnoses might be made: that these are cases of congenital 
ataxia; that the patients have merely congenital nystagmus, and finally that 
they may be instances of familial!disseminated sclerosis. An older brother has 
also nystagmus. 

Dr. W. J. ADIE recalled the fact that Friedreich referred to syphilis in the 
parents as possibly an etiological factor of the disease that bears his name. 
He had also seen one instance of this. He believed both these cases were 
suffering with Friedreich’s disease. 


A Case for Comparison with the Preceding Two Cases. 
By Dr. FEILING. 
Ronald H., aged 10. Admitted as an emergency case with headache, 
vomiting and proptosis of the left eye, which has been coming on for two 


weeks. No history of previous illnesses. 
Condition on admission.—There was complete external ophthalmoplegia of 
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left eye and the left disc was blurred, there being a swelling of about 
one dioptre. The triceps-jerks and ankle-jerks were absent, but the reflexes 
were otherwise normal. 

The bridge of the nose is depressed, there is a high-arched palate with 
scarring, and the first and second decidual molars are slightly undersized and 
their cusps are blunted. 

Pathological examinations.—Wassermann reaction negative in the blood 
and cerebro-spinal fluid. Lange colloidal gold curve 1123315054. White blood- 
cell count, 6,875; differential count normal. 

Family history.x—One sister and five brothers alive and well, and one 
sister (age 144) ailing from birth ; two brothers were killed. Mother has had four 
children die in infancy, two miscarriages and one daughter who died at 134. 

Progress.—The proptosis and accompanying symptoms have subsided under 
treatment by mercury and iodides, but there is still some paresis of the left 
external rectus. 

This case is shown as it raises points of interest in conjunction with Dr 
Brain’s two cases. 

Dr. D. MCALPINE laid stress on the importance of the Lange colloidol gold 
curve. He said he would have no hesitation in regarding a case giving such a 
curve as was discovered here as syphilitic despite a negative Wassermann 
reaction in both the blood and cerebro-spinal fluid. As the Lange curve is 


normal in Friedreich’s disease he could not agree with Dr. Adie’s remarks. 


Case of Hemiplegia with Epileptiform Convulsions, exhibiting Tonic Innerva- 
f17on and the Tonic Neck Re flea of Magnus and de K ein 


By Dr. W. RUSSELL BRAIN. 


Robert L., aged 40, attended the National Hospital, Queen Square, in 1899, 
under Dr. Bastian, on account of headache, vomiting and epileptiform convul- 
sions. He was found to have slight papilladema; nystagmus to right and left ; 
slight weakness of the right grip: inco-ordination in both upper limbs, more in 
the left than the right; absent abdominal reflexes on the right side and a right 
extensor plantar response. A decompression was done on the right side and 
the dura mater was incised. His general condition was much improved and 
the papilleedema subsided. He later developed a progressive left hemiplegia 
and continued to have generalized epileptiform convulsions, of which he gets 
no warning. 

Present condition.—Intelligence fair; no dysphagia or dyspraxia. Slight 
bilateral secondary optic atrophy; vision good, fields of vision full; pupillary 
reactions and ocular movements normal; weakness of voluntary movement of 
the left side of the face, soft palate and tongue. 

Tonic innervation.—There is considerable loss of voluntary power in the 
left upper limb ; moderate loss in the left lower limb. There is marked delay 


in initiating movements, each movement beginning feebly but slowly increasing 
in power. After the patient has fully flexed the fingers of the left hand he can 


BRAIN.—VOI XLIX 
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extend them only very slowly, complete extension taking fifteen seconds or 
longer to accomplish. Involuntary movements of flexion of the fingers 
sometimes occur. 

Tonic neck reflex of Magnus and de Kleijn.—There is hypertonia of the 
flexors of the left upper limb and of the extensors of the left lower limb. The 
tone of the flexors of the left upper limb is increased by rotation of the head to 
the right, and diminished by rotation of the head to the left. 

The tendon-jerks are brisker on the left side than on the right, and the 
flexor upper limb reflex is obtainable on the left side. The right plantar-reflex 
is tlexor, the left extensor. There is relative hemi-anwsthesia and hemi- 
analgesia on the left side, with loss of tactile discrimination and complete 
astereognosis in the left hand. Postural sensibility is grossly impaired in the 
fingers of the left hand and slightly in the fingers of the right hand and the 
toes of both feet. 

A radiogram of the skull shows a large area of bone defect in the right 
fronto-parietal region. The blood Wassermann reaction is negative. 


Dipl gia— Mental Defi ct—Retinal Disturbance. 


By Dr. MACDONALD CRITCHLEY (for Dr. S. A. K. Winsoyn). 


Family history.—-Mother and father are alive and well and of healthy stock ; 
they are first cousins. There have been nine pregnancies :— 

(1) Girl, 30, alive and well; married, two children, alive and well: (2) 
girl, died at 26, with © creeping paralysis,’’ no blindness or mental defect; (3) 
girl, 25, blind from birth ; no mental defect or paralysis ; (4) girl, aged 22, very 
anemic; (5) girl, died in infancy with convulsions; (6) boy, 18, alive and 
well; (7) patient; (8) boy, 13, alive and well; (9) boy, 11, syndactyly 
of toes. 

Patient, aged 15, was backward in cutting his teeth, walking, &c. Appar- 
ently blind since birth. One year ago his legs became weak. Is very backward 
at school, and has never been able to learn Braille. No fits. Low narrow 
forehead; malformed and prominent ears; high-arched palate; cyanosis of 
extremities ; syndactyly of second and third toes of both feet; incurving of 
little finger. 

Ophthalmoscopy reveals gross pigmentary disturbances in the retina, the 
macula of the right eye being markedly affected. Discs pale and vessels 
diminished in calibre. 

Motor power diminished in legs, with increase of tonus. Bilateral pes cavus 
with extensor plantar responses. Wassermann reaction negative. 


The diagnosis in this case lies between retinitis pigmentosa and a variety 


of cerebro-macular degeneration. 

Dr. D. MCALPINE recalled the fact that he had shown a somewhat similar 
case with symptoms of hyperpituitarism and polydactylism, at a previous 
meeting of the Section. Mr. Batten, who had examined the eyes in this case, 
had no hesitation in describing the fundus changes as retinitis pigmentosa. 
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Case of Syringobulbia. 


By Dr. MACDONALD CRITCHLEY. 


Three years ago: sudden onset of numbness down the left side, associated 
with muscular weakness. Nine months ago: giddiness and staggering whilst 
walking. 

Nystagmus on lateral ocular deviation, especially to the left. Some weak- 
ness of the left masseter. Paralysis of left side of palate and left vocal cord. 
Tongue shows marked left-sided hemiatrophy. Slight left-sided hemi- 
anesthesia to all forms of sensation. Slow athetoid movements of left hand 
and foot. Relative weakness of all voluntary movements on that side together 
with intention tremor. Tonus somewhat increased, and there is some wasting 
of the left arm and leg. Tendon jerks: left brisker than right; left abdominal 
reflex absent. Left plantar response is extensor in type. Blood-pressure 
14C¢-115. Wassermann reaction negative. 


Von Recklinghausen’s Disease 271 Mother and Dauahter. 


By Dr. W. J. ADIE. 


(1) Mrs. B., aged 35. Multiple subcutaneous nodules noted since the age of 
95: one tumour on the scalp noted since she was 10. She has had brown 
patches over the body since birth. 

(2) Violet B., aged 9. Admitted for enlargement, increasing adiposity and 
giddiness. No subcutaneous nodules present but many cutaneous pigment 
patches. Examination of fundi shows swelling superimposed upon an atrophic 
disc ; sella turcica enlarged. Blood and cerebro-spinal fiuid normal. 

Family history.—Maternal grandfather has generalized von Reckling- 
hausen’s disease. His two sisters each had one or two subcutaneous tumours. 
Two children: Mrs. B., von Recklinghausen’s disease; one son, healthy. 

Mrs. B. has had three children: (1) Lizzie, died last year, aged 10, with a 
suprapituitary cyst. Had many pigmentary patches and subcutaneous tumours. 
(2) Violet; (3) son aged 6 (adopted), has a very big head and cannot talk. 


FaMILy TREE: 


1. ¢ V. Recklinghausen’s. 2. ¢ 3 


o. 
SS ————_ 


few subcutaneous tumours 


Mrs. B. $ healthy 
V. Recklinghausen’s 


died with suprapituitary Violet hydrocephalus 
cyst. V. Recklinghausen’s idiocy 


The chief points of interest in these cases are the family history and the 
fact that a sister died with a suprapituitary cyst. The child shown to-night 
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has a somewhat similar condition, or possibly primary pituitary disease. 
He recalled the fact that the combination of hyperpituitarism and von 
Recklinghausen’s disease has been previously described. 

It is also interesting that the child has numerous small patches of pigment 
on the covered parts of the body. In his experience this is not at all 
uncommon in families some members of which are afflicted with von Reckling- 
hausen’s disease, in fact he would regard the presence of such patches of 
pigment on the covered surfaces of the body as manifestations of neuro- 
fibromatosis. 

Dr. P. CLOAKE referred to a case of interstitial hypertrophic neuritis in 
which there were patches of pigment similar to those found in von 
Recklinghausen’s disease. 

Dr. W. HARRIS mentioned the case of a man who had been under his care 
with symptoms of compression paraplegia, in which the nature of the compres- 
sing tumour was diagnosed from the presence of typical patches of pigment on 


the surface of the body. 








Korsakow’s Syndrome with Double Sixth Nerve Palsy due l A le hol. 


DOUGLAS MCALPINE. 





By 





Dr. 





E. A. W., female, aged 32, admitted Maida Vale Hospital on October 30, 
1925. For some months prior to admission she had been consuming large 
quantities of whisky. In September, 1925, she first complained of cramp-like 
pains in the legs. Her medical attendant found the deep reflexes in the legs 
brisk. She was persuaded to reduce considerably her intake of alcohol. On 
October 6, whilst out shopping her legs gave way and she fell. She managed 
to reach home and went to bed. The following day she complained of double 
vision. When seen on October 12 she showed definite paresis of both sixth 
nerves, mental symptoms, and absent deep reflexes in the legs, but very little 
loss of power in the legs. 

On admission (October 30).—Gross loss of memory, especially for recent 
events: loss of emotional control; hallucinations. Paresis of both sixth 
nerves almost complete. No facial weakness. Upper limbs showed coarse 
tremor; slight paresis peripherally and a glove form of anesthesia with loss 
of postural sensibility in fingers. Lower limbs ; peronei paretic, but tibialis 
anticus on each side quite strong. Marked tenderness of lower limbs on 
palpation. Deep reflexes absent. Stocking anesthesia with loss of postural 
sensibility. Marked myocardial weakness; incontinence of urine and feces. 

Progress.—Paralysis in legs progressed until no movement of toes or ankles 
was possible. Paralysis both sixth nerves gradually disappeared. Present 
condition (January 11, 1926): Mental condition much improved, sphincter 
control almost normal, and power is beginning to return in the toes and ankles. 














CLINICAL MEETING 


Intramedullary Tumour of the Cord. 


Shown by Dr. DoUGLAS MCALPINE. 


D. L. H., male, aged 21, first noticed a weakness of left hand and wrist in 
January, 1925, which progressed so that by July he was scarcely able to lift 


the arm above the level of the shoulder. In September weakness left leg 
appeared. Deep X-ray therapy to lower cervical region from beginning of October 
to end of November. Condition progressed, however, so that he was admitted 
to Maida Vale Hospital on November 28. No history of pain throughout. 

Condition on admission.—Left palpebral fissure and left pupil smaller than 
on right side; left pupil dilates on shading less well than the right. Remaining 
cranial nerves normal. No weakness of sterno-mastoids or trapezii. Complete 
flaccid paralysis of left arm with marked generalized wasting. Abolition of deep 
reflexes of left arm. No wasting or impairment of power of right arm. Reflexes 
brisk. Abdominal reflexes absent on left side; 15 to 20 per cent. loss of power 
in left leg. Deep reflexes increased in left leg. Left extensor plantar response, 
right plantar flexor. Sensation: dissociated anesthesia on left arm and trunk. 
Some impairment of sensation on inner aspect of right arm. No sphincter 
disturbance. X-ray of lower cervical region negative. Cerebro-spinal fluid 
faintly yellow; 9 cells per c.mm., total protein 0°35 per cent., W.R. negative. 

A diagnosis of tumour of the lower cervical cord, probably intramedullary, 
was made. 

Mr. Bankart performed laminectomy on December 17 and removed lamin 
of fourth to seventh cervical vertebre. An intramedullary tumour was found 
with its centre about seventh segment, extending up and down the cord for 
several segments. The cord was incised in the postero-median line and a piece 
of the tumour removed. 

Histological examination.—Glioma. 

Patient has made a good recovery from the operation. Condition remains 
about the same except that there is now an early extensor plantar response on 
the right side and a general blunting of all forms of sensation on the left leg. 
The right arm is now slightly paretic. It is proposed to give further 
deep X-ray treatment. 


Case of Distal Myopathy. 
By Dr. C. WORSTER-DROUGHT. 


F. C. L., aged 37, first seen in November, 1917, at the age of 29. 

History.—From the age of 18 he had served in the Army as a cavalryman 
and had had no previous illnesses. During 1916, he began to complain of 
weakness of both legs and of great difficulty in holding urine. Later, his legs 
wasted below the knees and frequent urinary incontinence occurred. In 
December, 1915, he had sustained a fall from his horse, but the above 
symptoms did not develop until several months after this accident. 

In his family history there is nothing of note. 

Physical ecamination.—The muscles of both calves are equally wasted 
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(cireumference measurement of shank 104 in.) and are very deficient in 
power ; he is unable to rise on his toes. The tibialis posticus, tibialis anticus, 
peronei, extensors and flexors of his toes, the quadriceps and hamstrings all 
have good power. No fibrillary twitchings observed. The gastrocnemii 
respond very sluggishly to faradism and react only on No. 12 stop of the 
Lewis-Jones condenser (normal No. 4). The ankle-jerks are absent, but the 
knee-jerks are brisk and equal, and the abdominal and plantar reflexes are 
normal. Sensation is everywhere normal. The remainder of the nervous 
system and other systems present no abnormality. The cerebro-spinal fluid 
is normal and yields a negative Wassermann reaction; the reaction is also 
negative in the blood. X-ray examination of the spine in the lumbar region 
and of the pelvis shows no abnormality. 

During the past eight years, his condition has altered very little. The 


partial urinary incontinence persists and there is some precipitancy of 


defecation ; the muscular atrophy remains limited to the gastrocnemius-soleus 
on each side. These muscles no longer react to faradism and respond only 
very sluggishly to galvanism, ACC. being greater than KCC. 

At the end of 1917, the late Dr. F. E. Batten saw this case with me and 
was of the opinion that it was an example of the type of myopathy known 
as © Distal Myopathy.” Against this view, however, is the presence of 
incontinence and the fact that in the cases of distal myopathy that have been 
described (Oppenheim and Casserier, Gowers, Dejerine and Thomas, Batten, 
Spiller and Naville) the extensor muscles were early and chiefly affected. Also, 
if accepted as a case of distal myopathy, the question arises if it is one of the 
very rare examples in which arrest has occurred. 

On the other hand, the absence of any sensory disturbances throughout 
the course excludes a cauda equina lesion, while the age at onset, the 
distribution, the absence of fibrillary tremors and the fact that the condition has 
remained stationary during the past eight years, do not favour a myelopathy. 


Functional Paraplegia, with Complete Incontinence of Ui 
Mitral and Tricuspid Stenosis. 


By Dr. WILFRID HARRIS. 


A man, aged 32, discharged from Army in August, 1917, with V.D.H. He 
was quite normal as a boy and able to play games as well as others. At the 
age of 18 he had an attack of subacute rheumatism and was laid up for five 
months. In July, 1917, he was seized with vertigo, and was later unconscious, 
being very cyanosed at that time. From 1919 to 1923 was able to work as 
travelling auditor to one of the Ministries. He collapsed twice in December, 1922, 
being unconscious for twelve hours. In June, 1923, he gradually began to lose 
control of his legs, complained of pain like pins and needles in his spine, and 
his legs used to give way. Loss of bladder control also appeared about this 
time; he began to wet his clothes and the bed, and had to wear a rubber 
urinal. On several occasions he had free hemoptysis. His legs have gradually 
become weaker, so that he now cannot stand. 
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Present state-—Legs thin, but no muscular atrophy. Knee and Achilles 
jerks normal, plantar reflexes flexor. Light anaesthesia of feet and legs up to 
groins. Abdominal reflexes brisk. Anal sphincter reflex brisk. No difficulty in 
controlling the bowels, but dribbling incontinence of urine. He is considerably 
cyanosed, and his fingers are slightly clubbed. Vibratory cardiac sounds 
suggestive of mitral stenosis. 

Mentally the man is active and well educated, and considerably above the 
ordinary hospital class. 

Dr. GORDON HOLMES, in discussing the case, emphasized the importance 
of a complete examination of the urinary passages and of the vesical and 
sphincter reflexes before the incontinence was definitely diagnosed as functional. 
He described his methods of estimating the retlex capacity of the bladder. 


Meeting held February 11, 1926. 


Discussion on the Sympathetic Innervation of Striated 
Muscle. 


Dr. E. D. ADRIAN: We must all feel to-night a sense of misfortune 
unusual in a scientific discussion. I do not really refer to the tragic deaths 
of Hunter at the outset of his career, and of Kulchitsky, whose work was so 
closely connected with Hunter’s. We shall be paying the best tribute we can 
to these scientists if we discuss their work and the theory that was evolved 
from it in a scientific way, and that is the most cold-blooded way possible. 
But even if we succeed completely in forgetting the larger issue, the loss to 
science in general, we have still the very real misfortune that the protagonists 
are not here to-night to state their views and to answer criticism. I, for one, 
feel that the theory which Hunter left behind him does not really do him 
justice. It has grown out in many directions, but the inevitable process of 
pruning has not begun, and we are all in danger of making it out too definite 
and of assuming that it must stand or fall as a whole. As a matter of fact 
the points which are really in dispute are not so much points of theory as of 
experiment ; but the theory is an important one and it is high time that it 
should be discussed. 

To clear our minds I think it will be as well to recognize that there are 
two distinct topies which will come up. Hunter and Royle put forward, or at 
any rate put new life into, a theory of the sympathetic control of the tonic 
contraction of muscle, and they also described an operation, based on their 
theory, which they claimed would benefit the spasticity of certain forms of 


paralysis. We have to consider both whether the theory is right and whether 


the operation is successful, and one may be right without the other. 
My own function is the simple one of reviewing as briefly as possible the 
physiological views which have already been published on the connection of 
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the sympathetic system with the tonic contraction of muscle. I am, unfor- 
tunately, in the unassailable position of having done no work on the subject 
myself; I have worked with decerebrate animals, but the only first-hand 
impression I have about tone is that it is an extremely difficult subject to 
investigate. 

Before Hunter and Royle began their work, the position was as follows: 
Boeke, in 1909, described a system of accessory non-myelinated nerve-fibres 
in striped muscle. He found that these nerves supplied muscle-fibres which 
were also innervated by medullated nerve-fibres. They did not degenerate 
when the anterior roots were cut, and they appeared to belong to the sym- 
pathetic systems. He confirmed this with Diisser de Barenne, and other 
workers agreed with him. 

There seems to be no doubt now that these independent non-myelinated 
fibres do exist in certain muscles, that they supply some of the muscle-fibres, 
and that they do not belong to the cerebro-spinal system. The points that are 
doubtful are: (1) Whether they exist in every muscle; (2) whether they 
supply a special type of muscle-fibre which is not innervated by medullated 
nerves. These points have been reviewed very clearly in a recent paper by 
Garven in Brain. As regards (1), the position seems to be that in most 
muscles the accessory nerve-fibres exist, but in the muscles of a frog they 
have not yet been demonstrated as ending in the muscle-fibres themselves. 

(2) Do the accessory fibres supply a distinct type of muscle-tibre not 
innervated by medullary motor-fibres? This does not seem to me to be of 
crucial importance from the more general point of view as to whether the 
accessory nerve-fibres have a tonic function or not. But it is a part, though 
not, I think, an essential part, of Hunter and Royle’s theory, that the 


sympathetic fibres innervate separate muscle-fibres of the ~ red”’ or narrow 
sarcoplasmic variety which have no supply from the cerebro-spinal system. 
This view was based on some of Kulchitsky’s work, but at present all the 
evidence seems to be against it. Garven has made a very careful investigation 


of the muscles of the hedgehog and finds no clear separation into two distinct 
kinds of muscle-fibre ; he found that medullated nerve-fibres end in every type 
of muscle. Some muscle-fibres are innervated both by the accessory and the 
medullated fibres. From this very convincing new evidence it seems clear 
that this part of Hunter and Royle’s theory is untenable. It is no great loss, 
for there were many other difficulties to be faced apart from the histological 
evidence. But although the theory of a separate system of tonic muscle-fibres 
with a separate nerve supply is untenable, it is still quite possible that the 
same muscle-fibre may react differently to the two sets of nerves. This brings 
us to the physiological evidence. 

As soon as the existence of the accessory non-medullated nerve-fibres had 
been demonstrated, it was natural that various attempts would be made to 
discover their function, and the most likely possibility seemed to be that they 
were associated with tonic contraction. Whether or no there are really two 
fundamentally distinct kinds of contraction, we can at least distinguish two 
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very different ways in which a muscle can behave. It may perform a series 
of rapid phasic movements, or it may hold the limb in a definite posture by 
the steady contraction which we speak of as “tonic.”” In the former case a 
great deal of energy is used up, the gaseous exchange is large, and the muscle 
fatigues readily. In the latter there is little fatigue, and there seems no doubt 
that the metabolism is much smaller, and much smaller than it would be if 
we produced a corresponding steady contraction by tetanizing the nerve. 
These two different kinds of behaviour are really at the opposite ends of a 
scale and a sharp distinction between them may be artificial, but in some 
invertebrates, e.g., bivalves, the distinction is real. In these animals there is 
no doubt that the two reactions are really carried out by two very different 
muscles or muscle-fibres. Thus we might well expect to find two distinet 
mechanisms in the vertebrates as well. 


The classical example of the tonic contraction in a mammal is the state of 
decerebrate rigidity, Sherrington’s © reflex standing,’ and after the discovery 
of Boeke’s fibres many investigations were made to see if ablation of the 
sympathetic system had any effect on decerebrate rigidity. Van Rijnberk, 
Cobb, and Diisser de Barenne made this experiment in cats, and none of them 
obtained a positive result. In some animals destruction of the sympathetic 
on one side produced a decreased tone, but in many it did not, and the negative 
result is more significant than the positive. We may call this the classical 
experiment, and it has remained the most important method of investigating 
the problem. However, de Boer and Langelaan did not accept these results 
as final, and sought in other ways to demonstrate a connection between tone 
and the sympathetic. De Boer’s work on frogs has been severely criticized, 
and it does not really account for the failure of the classical experiment. 
Langelaan made a new step by splitting up the conception of tone into two: 
contractile tonus and plastic tonus or plasticity. These conceptions have had 
a good deal to do with the theory we are discussing, but as a matter of fact 
most of Langelaan’s readers seem to have got as far as the two terms, con- 
tractile tonus and plastic tonus, and then put their own interpretation on 
them. At any rate, according to Langelaan’s definition, an increase in plas- 
ticity means not that the muscle develops a greater resistance to a change in 
its length, but that it becomes more plastic, that it is extended more rapidly 
by a given weight. This seems to me to bea different conception from the 


plastic tone of Hunter and Royle, though whether it is more or less valuable 


is another matter. 

The position therefore when Hunter and Royle began was that the 
classical experiment on decerebrate rigidity had failed to show a sympathetic 
influence, and other lines of experiment had been equally inconclusive. 
Hunter and Royle’s work may be divided into three categories: (a) a repetition 
of the classical decerebration experiment on goats; ()) experiments on birds ; 
and (c) experiments on man. They found that if in goats the sympathetic 
was destroyed on one side some time before decerebation, there was a distinct 
difference in the behaviour of the two hind limbs: that on the affected side 
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took up the extended posture given it, but did not retain it as long as the limb 
on the sound side. Hunter and Royle looked on this as a sign that plastic 
tone was reduced, plastic tone in their sense being the property which is 
responsible for the maintenance of any posture which the muscle has assumed, 
and they put forward their theory that this particular kind of tone is directly 
controlled by the accessory sympathetic fibres in the muscle. Now, it is 
obvious that this result is something quite different from the earlier results 
with the decerebrate experiment. Hunter and Royle describe differences in 
the two limbs too great to have been overlooked by the experienced pliysio- 
logists who preceded them. It is true that Hunter and Royle were using 
goats instead of cats, but the most significant difference seems to be that in 
Hunter’s experiments the decerebration was done some time after the destruc- 
tion of the sympathetic. It is true that some of van Rijnberk’s experiments 
were made in the same way, but at any rate the lapse of time is the point 
which distinguishes Hunter and Royle’s goats from most of the earlier work- 

Why should it matter whether the sympathetic is destroyed a short or a 
long time before the decerebration ? Or rather, if the sympathetic is respon- 
sible for plastic tone, why should there be no loss of plastic tone immediately 
Why should we have 


after the limb is deprived of its sympathetic supply ? 
The most natural 


to wait for some months before the effect becomes visible ? 
suggestion seems to be that the loss of the sympathetic does not produce a 
loss of the nervous impulses which are the immediate cause of tone, but it 
produces a loss of some trophic factor without which the muscle cannot carry 
out tne tonic reactions so easily. Such an effect might be a direct one on 
the muscle-fibres or an indirect one on the blood-vessels. 

But here too it is not so much the thecry as the facts that are in dispute. 
There is considerable doubt even about the delayed sympathetic effect. Meek 
and Crawford have recently carried out unilateral sympathectomy on dogs 
and decerebrated them from thirty-three to seventy-seven days afterwards. 
Most careful tests were made to detect differences of tone in the two limbs 
but no significant difference was found. Kananel, Pollocks and Davies have 
repeated the classical experiment on cats and they again have found no signi- 
ficant difference. Some of these contrary results might perhaps be explained 
by the suggestion that the plastic tone was masked by an excessive contractile 
tone, but it is difficult to see how this can apply to Meek and Crawford's work, 
and difficult to understand what is meant by plastic tone if the fixed posture 
of decerebrate rigidity can be maintained without it. We must conclude then 
that this delayed sympathetic effect does sometimes occur, at any rate in goats, 
though it is usually absent in dogs and cats. 

Hunter’s experiments on birds are more difficult to evaluate. They have 
been criticized by Walshe on the basis of Trendelenburg’s work, and this 
criticism seems valid enough. But even if we grant that removal of the 
sympathetic has a more immediate effect on the posture of the bird’s wing 
than it has on the posture of decerebrate rigidity on a cat or dog, I do not 


think that we can conclude anything more than that the effect of sympathetic 
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loss does develop more rapidly in birds than in mammals. We have no 
reason to conclude that there is an immediate loss of plastic tone in 
mammals. 

On the experimental side then, the balance of published evidence seems 
overwhelmingly against the view that the sympathetic sends out impulses 
which have a direct controlling effect on posture, the length or the plastic 
tone of the limb muscles, an effect comparable to that of the cerebro-spinal 
impulses. 

But I do not think the experimental work is enough to allow us to assert 
or to deny that in most mammals the removal of the sympathetic may ulti- 
mately lessen the power of the muscle to maintain a fixed attitude. If this 
were clearly demonstrated it would at least show some connection between 
the sympathetic and tonic contraction. The sympathetic would be playing a 


very much less active part in the control of the muscle than Hunter and 


Royle suggested, but it would be playing a part of some kind. It is here 
that the operation of sympathetic ramisectomy may furnish evidence of value. 

There can be no doubt that Hunter and Royle deserve very great credit 
for devising this operation. It introduced a new method of attack on the 
physiological problem, and it was well worth trying from the patient's point 
of view as well as the surgeon’s and the physiologist’s. 

Everyone here is probably familiar with this side of their work and with 
the discussion which has centred round it. Hunter and Royle considered that 
in eases of paralysis with an excessive plastic tone the operation of sympathetic 
ramisectomy did produce very great benefit indeed. Others have tried the 
operation and pronounced it a complete failure. Fortunately we have those 
present here to-night who will be able to tell us their own experiences of the 
operation. There are only two points about this side of the problem that I 
wish to deal with. The first is that it was not claimed for the operation that 
it would benefit all cases of spastic paraplegia, but only those in which increased 
plastic tone is a dominant feature. As I understand it Hunter and Royle con- 
sidered that a rigid posture of the limbs with increased tendon reflexes and an 
extensor plantar response might all exist without any increase in plastic tone. 
The indications which Hunter gives are first the “lengthening and shortening 
reactions,’ the fact that the resistance to passive flexion or extension is at 
first considerable and then subsides suddenly. I cannot quite follow the 
argument here, since both kinds of tone are said to produce resistance to move- 
ment. The other indication is a slowness in execution of the tendon-jerks, 
or rather delayed relaxation. This narrows the field considerably and may 
account for some of the failures. 

The other point is that the success of the operation would not necessarily 
imply a direct control of changes in length of the muscle by the sympathetic 
system. An immediate reduction in tone would certainly suggest this were it 
not for the failure of so many of the animal experiments; a delayed effect 
would be much more likely to be due to some indirect consequence of the 
sympathetic removal, though it would be none the less gratifying to the patient 
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and none the less worth aiming for. In this audience one need not stress the 
need to distinguish the effects of the operation on the patient’s mind from the 
effects on his body. 

In Royle’s first case one cannot help feeling that the organic symptoms 
were overlayed by a good deal that was functional. However, enough time 
has now elapsed and enough operations have been done to allow us to make a 
fair estimate of their value, and I am very glad that we shall have the 
opportunity of hearing first-hand evidence on it to-night. 

G. ELLIOT SMITH: It is hardly necessary to insist upon the difficulty of 
arriving at any definite opinion on the claims for the sympathetic innervation 
of striated muscle. Nor is this altogether surprising when one considers that 
for nearly half a century both histologists and physiologists have in vain 
been wrestling with the problem. The extensive literature on the subject has 
been critically examined by Wilson [13], by Spiegel [10], by Hunter [6], by 
Cobb [2], and Walshe [11], so that it is unnecessary to deal with the history 
of opinion. 

I would not attempt to deal with this contentious subject if it were not 
for the following facts: First, in 1924 I saw the animals upon which Hunter 
had experimented in Sydney, and at present have in my possession the cine- 
matographic films that faithfully record these experiments; and secondly, 
during the last four years several investigators have been working in the 
Department of Anatomy at University College on the questions at issue. 

In this discussion I shall avoid the use of the terms ~ plastic’ and “ con- 
tractile’’ to suggest a differentiation of tone into two categories. I shall also, 


as far as possible, avoid the use of the word “tone” itself. It will suffice if 


we speak of the two types of muscular activity that are well recognized in 
the case of invertebrate animals, namely, the execution of movement and the 
maintenance of posture. 

The fact that invertebrates are provided with two sets of muscles—one 
for effecting movements and the other for maintaining posture—does suggest 
the probability that the more highly-developed muscular apparatus of verte- 
brates may be at least as well equipped for their work as those of a mollusc. 

No one who has seen a goat deprived of the lumbar part of its sympathetic 
cord could entertain any doubt of the profound influence of the operation on 
the corresponding hind limb. When placed on its back all four limbs at once 
go into the defensive attitude of extension (and of course even more markedly 
in the decerebrate animal); but the leg devoid of sympathetic soon tires and 
falls into a position determined by gravity. 

Some experimenters have recorded analogous phenomena in other mammals, 
cats, dogs and rabbits ; but have discounted these results because they failed 
to obtain them in all cases. Ducceschi [3] called attention to the striking 
loss of tone in the rabbit’s ear after section of the cervical sympathetic. 

The experiments that Hunter carried out on birds are of special interest. 
In the bird the sympathetic fibres to the wing are connected with the spinal 
cord below the brachial plexus, so that it is possible to cut either the somatic 
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or the sympathetic fibres to the wing without interfering with the other set. 
The seagull is a bird that is distinguished above almost all others by excep- 
tional powers of endurance in flight, for the natural conditions of its life 
demand that it should be able to remain on the wing for many hours at a time. 
Yet a seagull, deprived of its sympathetic innervation, but with the somatic 
innervation intact, will be so completely fatigued after a flight of 100 yards 
that the wing on the affected side will drop down in a completely flaccid con- 
dition after this very slight exercise. This affords the most positive demon- 
stration that could be desired of the influence of the sympathetic in the 
prevention of fatigue as well as of loss of tone. Whatever view be taken of 
the relation of the sympathetic system to the muscles of the wing this fact 
calls for some explanation. Orbeli and his colleagues claim that the sympathetic 
system plays an important part in the activity of skeletal muscle by preventing 
fatigue, and that the phenomenon cannot be explained as being due to a 
disturbance of the circulation. 

Working in the late Professor Langley’s department, Dr. Helene Wastl [12] 
failed to get any confirmation of the Leningrad results. Nor were Huggett 


and Mellanby [5] able to demonstrate any influence of the sympathetic or of 
adrenalin on striated muscle. 

The results obtained by Hunter in his experiments on the seagull were 
however, quite definite and unmistakable, and confirm Orbeli and his school 
in so far as they claim an influence for the sympathetic in preventing fatigue. 

If it be admitted that the sympathetic exerts an influence upon the function 
of striated muscle, it follows as a necessary inference that sympathetic nerves 
must have some connection with such muscle. The problem then arises as to 
the nature of the connection. 

Boeke and his collaborators claim that every striated fibre has both a 
somatic and a sympathetic fibre connected with it. Careful study of his own 
statements, however, especially in the light of the observations made by 
Kulchitsky, suggests that a considerable proportion of the non-medullated 
fibres may be collateral branches of the ordinary medullated nerves. But the 
degeneration experiments, especially Agduhr’s, seem to have provided definite 
evidence that, after excision of the sympathetic ganglia, a certain number of 
degenerated fibres are found ending in striated muscle. It was to get further 
information on this important issue that four years ago we suggested to 
Professor Kulchitsky the desirability of re-examining the whole question. But 
his laborious investigations carried on for three years still leave the matter in 
doubt. One is bound to admit that no complete solution has yet been found 
to this difficult problem. He confirmed the observations made by his prede- 
cessors during the last forty years that there were two definite types of nerve- 
endings on striated muscle, in addition to the non-medullated nerves ending 
between the bundles of muscle-fibres and the well-authenticated afferent 
medullated nerves from muscle spindles. The first of these categories are the 
ordinary muscle-plates connected with medullated somatic nerves. It is with 


regard to the second type of endings that the difficulty arises. The second 
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variety consists of the grape-like terminations connected with non-medullated 
nerves. In spite of the fact that he regards them as epilemmal, Kulchitsky 
called them “ motor-endings.” Perroncito, however, regarded them as 
hypolemmal. If they are epilemmal the question arises whether they may be 
afferent in function, as Bremer suggested in 1882. But we know so little of 
the mode of action of nerve on muscle as to make it unjustifiable to assume 
that an epilemmal ending may not be part of an efferent nerve. In support of 
the view that they are efferent it is important to remember that upon the 
slender granular muscle-fibres in Kulchitsky’s preparations no other possible 
effector nerves have been found except the non-medullated fibres with the 
grape-like endings. In his preparations, treated with gold chloride, of the 
muscles of goats and fowls used in Hunter’s and Royle’s experiments, Dr. 
Oliver Latham came to the conclusion that the slender muscle-fibres were 
provided with both hypo- and epi-lemmal endings of non-medullated nerves. 
After studying his preparations, which are much better than his somewhat 
crude drawings [8] would lead one to suppose, I am bound to confess that his 


evidence, though suggestive, is not altogether adequate to sustain his claims. 
Dr. H. H. Woollard has recently made a series of extraordinarily beautiful 
preparations of striated muscles of the cat and rabbit stained with methylene 


blue. He has not yet published an account of his investigations, but has 
kindly permitted me to refer to them. He failed to discover a second type of 
nerve-ending in connection with striated muscles; but in the extrinsic muscles 
of the eye (though not in other muscles) he found a very numerous forest of 
non-medullated nerves ending in the connective tissue between the muscle- 
fibres. So numerous were these fibres that they must represent a considerable 
proportion of the nerves going to these muscles. 

I have already mentioned incidentally a point that is revealed in Professor 
Kulchitsky’s preparations. In all his drawings he showed that the muscle- 
fibres with endings of the second type upon them are considerably smaller 
than the coarse fibres with the ordinary end-plates, although in his description 
he did not refer to the fact that there is this difference. In order to settle 
this matter I asked Miss Catherine Hill to examine a series of Kulchitsky’s 
slides and record the diameter of the fibres associated with the two types of 
nerve-endings. After measuring a large number of muscle-fibres she found 
that those provided with the ordinary end-plates were on the average more 
than double the size (the proportion was 182 to 84) of those with the grape- 
like endings, which Kulchitsky called “type two.’’ Of course the difference 
in the type of the nerve-ending may have no other significance than the fact 
that one type of nerve-ending to a thicker fibre is naturally bigger than that 
going to the slender fibre. But it is an interesting fact that there should be 
such a contrast, which involves not only size but also morphological type. 

There is the further point that the striation of the thicker muscle-fibres is 
much more definite and the sarcoplasm much less definitely granular than 
those in the slender fibres. However, one is bound to admit that the evidence 
provided by histology has so far not provided the complete solution of the 


problem before us. 
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With the object of settling the question of the independent innervation cf 
the two constituent elements of striated muscles Hunter examined sections of 
the sartorius in a goat, from which the lumbar part of the sympathetic cord 
of the same side had been removed six months previously. He compared it 
with corresponding sections of the muscle in the normal limb of the same 
animal. In the latter the muscle-bundles were approximately of the same 
size, whereas in the former groups of fibres they were reduced in size, and 
others were at least as big, as if not bigger than the normal. There was also 
a noteworthy increase in the amount of fibrous tissue. The complementary 
study was made of the pectoral muscles in the fowl in which the somatic 
nerves going to one wing had previously been cut. Here again the process of 
atrophy had affected certain muscle-fibres but not all. In this case the com- 
pensatory increase in the fibrous tissue that seemed to result from sympathetic 
denervation was not revealed. 

These results afford perhaps the most definite structural evidence of the 
differentiation of two kinds of striate muscle. 

Perhaps I may now refer to several points raised by various critics. In 
the first place Cobb’s criticism “that the innervation of the muscles of the 
snakes may be different to that of mammals” can be met by the positive 
demonstration of similar appearances in the goat's muscle, prepared by Dr. 
Oliver Latham in Sydney. Although his preparations made by the gold 
chloride method lack the clearness of Kulchitsky’s slides of the python’s and 
lizard’s muscles, they afford adequate proof that the same state of affairs is 
found in mammals as in reptiles. Moreover, Boeke found nerve-endings in 
embryonic human muscle similar to those of the lower vertebrates. 

In his experiments on goats Hunter found that there were two mechanisms 
in the hind-brain controlling tone in the limbs, and that both of these centres 
had to be cut off from their connections with the spinal cord before complete 
flaccidity was established. He has summarized these experiments in his 
Murphy Oration [6]. After decerebration by Sherrington’s method extensor 
rigidity developed rapidly and well. The lateral part of the bulbo-pontine 


junction was then excised by a crescentic incision (and microscopic examina- 
tion subsequently proved that Deiters’ nucleus had been completely removed 
and the vestibulospinal tract severed by this procedure). But the lengthening 
and shortening reactions were still exhibited and tone was still present in the 


limbs. A second section was made of the junction of the pons and medulla. 
The limbs became flaccid immediately, and the lengthening and shortening 
reactions were no longer elicited. 

This experiment shows quite conclusively that the maintenance of tone in 
the limbs is not wholly dependent on Deiters’ nucleus, but is due to two 
definite centres, and only completely disappears when both are cut off from 
the spinal cord. This result has been independently confirmed by Bernis and 
Spiegel’s experiments on cats [1]. 

Dr. Walshe’s account of what he observed in the fowl operated on by the 
late Professor Hunter in London differs so profoundly from my own impres- 
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sions of the examination of a series of birds upon which experimental operations 
had been made in Sydney, that no useful purpose would be served by discuss- 
ing this matter until the facts can be demonstrated objectively. I should 
like, however, to make one comment upon the statements made by Dr. Walshe. 
Referring to Hunter’s work, he says that he saw a fowl whose posterior 
cervical roots had been cut in the region of the brachial plexus, and the wing 
retained posture only when lying against the bird’s supporting side. (The italics 
are Walshe’s.) He says he had an opportunity of examining such a fowl, and 
can confirm this observation. He added that “not only was the wing muscu- 
lature wholly atonic to passive stretching, but it retained the abnormal postures 
only as determined by gravity.” 

He quotes Trendelenburg’s experiments on pigeons in support of his eriti- 
cism. But it must not be forgotten that it was Sherrington’s discussion [9 | 
of these same experiments of Trendelenburg, and especially his statement, 
‘section of the afferent roots of the wing affects little, if at all, the folded 
posture maintained by the wing,’ that prompted Hunter to investigate birds 
for himself. Walshe’s impression of what he saw in Hunter’s fowl is not 
wholly consistent with Sherrington’s reference to Trendelenburg’s experiments. 
For the latter does not say that the wing retained posture only when lying against 
the bird’s supporting side, or abnormal postures only as determined by gravity. 
On the contrary, Sherrington was at pains to discover why postural contraction 
was not lost, and put forward the hypothesis that it was due © to an allogenous 
rather than an autogenous influence.” 

But Walshe pushed his argument further. “It must be remembered,” he 


says, that such a wing has been wholly deprived of sensibility.” It remains 
. ’ SD e e 


passively in any posture given to it (provided it is supported by the body) 
because “it has been completely cut out from the field of the bird’s 
consciousness.” 

Hunter’s experiments afford a complete answer not only to Walshe’s 
criticism, but also to the point that puzzled Sherrington and led him to seek 
for some afferent channel other than that coming from the wing to explain the 
proprioceptive reflex conferring tone on the wing. 

Hunter found that in a fowl (in which the posterior roots of the brachial 
plexus had previously been cut) section of the sympathetic cord (i.e., the 
vertebral plexus) at the level of the first thoracic nerve produced complete flac- 
cidity in the wing, so that it did actually obey the force of gravity but in a 
very different way from Walshe’s conception of how gravity acts. Hence it 
provided the answer to Sherrington’s conundrum by showing that the proprio- 
ceptive influences determining tone are in reality autogenous. 

There is only one other point in Walshe’s criticism to which I shall refer on 
the present occasion. He omits all reference (p. 445) to the very positive 
results obtained experimentally by Hunter after excising the bird’s corpus 
striatum. 

“This operation produces rigidity of all the limbs. Standing is not easily 
maintained, due to rigidity of the hind limbs. On this account in seagulls a 
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tendency to rise on the toes is constantly exhibited and the bird does not 
maintain any given position for long. Birds in this condition often squat down, 
presumably to avoid balancing on the rigid limbs. The wings are also rigid and 
here the nature of the rigidity may readily be studied. ‘The wings are some- 
times maintained in a position somewhat higher than usual, so that the adjacent 
borders are almost in contact with one another. The rigidity maintains its 
intensity during passive movements, and on account of its rigidity the wing 
remains fixed in the new position assumed. This occurs even though the 
position be so abnormal, as when the wing is folded over the mid-line of the 
back, that the fibrous structures contained within are put upon the stretch 
Dependent positions, i.e., an active fixation, are maintained equally well. Both 
wings exhibit this phenomenon after the unilateral operation, but the rigidity 
is greater on the ipsilateral side. The rigidity is responsible for slowness of 
movement, especially on the ipsilateral side. This is readily seen on watch- 
ing the movements of the wing during attempted flight while the bird is 
held captive in the hand. A greater effort is necessary to carry the wing 
through a smaller range of upward movement than on the less affected side ; 
increased effort marks downward movement also, and the wing seems to over- 
shoot the position at which it normally ends. These alterations in the nature 
of the movement of the wings are greater on the ipsilateral side, so that the 
flight of such a bird, when released, is always in a circle, the bird tending to 
fly toward the more affected side. 

This diffuse muscular rigidity is strongly reminiscent in an exaggerated 
form of the condition of the wing already described, in which after cutting the 
somatic afferent nerves plastic tone is accessible for independent study. 1] 
cannot avoid the deduction that increased fixing tone in both flexor and 
extensor muscles of the wing is responsible for the diffuse muscular rigidity 
which follows the removal of the corpus striatum in birds. This element of 
tone is so enormously increased that manifestations of the presence of the 
contractile component are in the background. 

The condition of rigidity of the wings of birds above described is remarkably 
similar to Parkinsonian rigidity in man. Its diffuseness, resistance to stretch- 
ing, and the tendency for fixation of the muscle at any length passively 
imposed upon it, are common to the two conditions; and in both conditions 


poverty and slowness of voluntary movement, which are probably due in part 


to the underlying phenomenon of rigidity, are notable concomitants. 

Dr. Arthur Hall’s recent account [4] of the symptoms of post-encephalitic 
Parkinsonism reveals a state of affairs singularly like Hunter’s experimental 
results in the bird. 

The results of this operation are definite and unmistakable. Walshe does 
not mention these experiments, but concentrated attention on the speculations 
of Kappers concerning the morphology of the corpus striatum, unfortunately 
introduced by Hunter into his arguments [6], which I was careful to omit 
from the lectures I delivered on his behalf [7]. I am in complete agreement 
with Walshe’s criticism of Kappers’ views on this subject ; but I fail to under- 
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stand what relevance the discussion of these speculations*has to the real 
issue relating to the corpus striatum. 

To sum up, the one thing that comes out clearly from all this experimental 
work is that section of the sympathetic nerves does render the appropriate 
group of muscles much more liable to fatigue than the normal muscle. The 
muscle that is fatigued as a result of the sympathetic denervation becomes 
definitely toneless. 
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Dr. EDWIN BRAMWELL: I doubt whether anyone is prepared to assert that 
the possibility of a dual innervation of muscle can be definitely denied, for 
while some of the observations and conclusions advanced in support of a dual 
innervation have been severely criticized, such criticism is not necessaril\ 
exclusive in relation to the general proposition. 

The problem may, I think, be approached from another point of view. 
We may, for instance, ask, Does the assumption of the dual innervation of 
muscle as an hypothesis afford an explanation of clinical phenomena which 
are otherwise difficult to account for? A line of argument of this kind cannot 
be expected to afford more than suggestive evidence, but it may be none the 
less interesting. In this connection I would like in a few words to refer to the 
muscular dystrophies. I may remind you that Landouzy and Dejerine, in 
1886, suggested that the nervous system in muscular dystrophy may be altered 


in a way that we are unable to detect, and that Erb, in 1890, wrote: “I cannot 
avoid the suspicion that after all the affection may be dependent upon the 
nervous system.’ Further, I think I am right in saying that no new data 
have until recently emerged with a direct bearing on this question since Erb 


wrote these lines. The myopathic view has indeed gained ground, since not- 
withstanding the introduction of new staining methods, no changes have been 
found in the nervous system which will explain the symptomatology of 
muscular dystrophy. This, however, is a negative conception and, as I have 
pointed out elsewhere, there are certain features met with in muscular 
dystrophy, too frequent to be accounted for by coincidence, which cannot be 
explained on the basis of a primary disorder confined to the skeletal muscles. 
Again, there are certain symptoms, as for instance the marbled appearance of 
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the skin, which are not infrequent and which suggest involvement. of the 
sympathetic system. Then again it is interesting to note that contractures are 
observed in some cases of muscular dystrophy, and that both contractures and 
vasomotor changes are met with in some cases of acute poliomyelitis, although 
they do not occur in the progressive muscular atrophies of spinal origin. 
Further, the changes in the muscle-fibres and interstitial tissue observed in 
muscular dystrophy are, I think, more easily accounted for by a disturbance 
of the innervation of these two component structures of the muscle rather than 
by a primary change limited to the muscele-fibres. Observations upon the 
histology of the sympathetic fibres and terminals are required before this 
question can be settled. At the same time the facts to which I have referred 
raise the possibility that the muscular dystrophies may be determined by 
disease of the sympathetic system, and are at least suggestive in relation to the 
question of the dual innervation of muscles. 

Mr. BANKART said that he first began to operate upon the sympathetic 
nervous system in cases of spastic paralysis in December, 1920, when in some 
cases of infantile hemiplegia he excised the first thoracic and inferior cervical 
ganglia with all their branches to the brachial plexus, without however pro- 
ducing any effect either on the circulation or the muscular tone of the limb. 
Now Hunter and Royle have at least demonstrated the feasibility of interrupting 
the sympathetic nerve supply of a limb by section of the rami communicantes, 
and he had done the operation of sympathetic ramisectomy ten times, cervical 
ramisectomy once, and lumbar ramisectomy nine times. 

The operations in these cases were done exactly as described by Royle. In 
the cervical case the rami of the fifth cervical to first thoracic nerves inclusive 
were destroyed, while in the lumbar operations the grey rami of the second, 
third and fourth lumbar nerves and the sympathetic trunk below the last were 
divided. In order to anticipate any criticism with regard to the selection of 
cases or the technique of the operations, all the cases were seen by competent 
neurologists, and the operations were performed as ‘ demonstration operations ”’ 
in the presence of competent and critical witnesses, and he could say that in 
these cases at any rate the correct rami, and in the lumbar operations the 
sympathetic trunk, had undoubtedly been divided. 

The following cases were operated upon :— 


A.—Cervical Ramisectomy. 


Woman, aged 34. Sequele of encephalitis lethargica. Generalized 
musclar rigidity, upper limbs more than lower, right side more than left. 


Very much increased tone of upper limbs. Arms adducted, elbows and wrists 
flexed. Operation March 20, 1925. Result—transient diminution of muscular 
tone and increased vascularity. End result—unchanged. 


B.—Lumbar Ramiseetomy. 

(1) Girl, aged 13. Cerebral diplegia with marked spasticity and coni- 
tractures of all four extremities. Operation first on right side and then on 
left, July, 1924. Result—vasodilatation and some diminution of hypertonus, 
and increased freedom of movement. No practical benefit. 
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(2) Man, aged 30. Myelitis with paraplegia in flexion and well-marked 
flexor spasms. Operation on left side, October 30, 1924. Result—vasodilatation 
and appreciable diminution of muscular spasm, and freer movement of limb. 
Operation on right side, January 15,1925. Result similar, but not so marked as 
after first operation. N.B.—Vasodilatation persisted for more than a year 
after gperation. End result—no practical benefit. 

(3) Man, aged 39. Spastic paralysis from cerebro-spinal syphilis. 
tonus in all four limbs, in left more than right. Paraplegia in extension. 
Operation on left side, April 30th, 1925. Result—-no change in vascularity or 
muscular tonus. 

(4) Woman, aged 30. Fracture of the cervical spine at age 18. Paraplegia 
in extension with marked rigidity. Operation on left side, July 2, 1925. Result 
no change in circulation or muscular tone. 

(5) Woman, aged 52. Disseminated sclerosis. Marked spasticity of lower 
limbs, left more than right. Chief complaint stiffness of left lower limb. Opera- 
tion on left side, February 20, 1925. Result—no change. 

(6) Man, aged 27. Cerebral diplegia with great rigidity. Operation on right 
and left sides, July, 1925. Result—no change in circulation or muscular tone. 

Summary.—Five of these operations were followed by general vasodilata- 
tion of the limb and by a diminution of muscular tone corresponding in degree 
to what might be expected from the accompanying vasodilatation. In at least 


one case the vasodilatation was noted to be still present more than a year after 
In no case had the diminution of muscular tone been sufficiently 
In the five remaining 


H yper- 


the operation. 
marked to be of real practical benefit to the patient. 
cases neither circulatory disturbance nor alteration in muscular tone was 
appreciable after operation. 

Dr. WALSHE said that Dr. Adrian had so completely and adequately 
covered the ground on the theoretical side of the problem before them that he 
would confine himself to dealing as briefly as possible with the criticisms 
which the opener had made of views which he had expressed elsewhere in a 


review of the subject under discussion. As he understood him, Professor 


Elliott Smith appeared to be under the impression that his description of one 
of Hunter’s crucial experiments was not an accurate record of Hunter's 
published observations. The experiment in question consisted in division of 
the cervical posterior roots on one side in a fowl, care having been taken 
to preserve the “sympathetic afferent” supply to the wing, which entered 
the cord by the first thoracic posterior root. Examination of such a bird, 
which had been possible owing to the courtesy of the late Dr. Hunter, 
confirmed Hunter's statement that the affected wing, as it lay against the 
bird’s supporting side, retained any degree of flexion and extension imposed 
upon it by the observer, the bird making no attempt to restore the wing 
actively to the initial position. However, with Hunter’s conclusion that this 
indicated the presence of “ lengthening” and “ shortening " reactions and hence 
of a ‘ plastic’? component of tone he was wholly unable to agree, and for this 
If the wing was horizontally abducted from the bird’s side and then 


reason. 
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released, it dropped like a dead thing against the bird’s side. In a word, it 
could not maintain a posture imposed upon it against the force of gravity, but 
only when supported. In consequence it was clear that “plastic tone” as 
defined by Hunter was absent. In addition, the wing was wholly flaccid to 
passive movement and showed no trace of tonic activity of any kind. 

Hence the existence of a separate “plastic’’ component of muscle tone 
received no confirmation from this experiment. But what went to the root of 
the matter was that twenty years ago W. Trendelenburg had performed a care- 
fully controlled series of similar experiments on pigeons, and had obtained 
profoundly different results. He had found that unilateral cervical and 
thoracic posterior root section on the pigeon—that is, both somatic and sym- 
pathetic de-afferentation—did not impair the bird’s power to hold its wing in the 
normal posture, its power of voluntary movement or of flight. In one point 
his results agreed with Hunter’s--namely, that the affected wing, when allowed 
to rest against the bird’s side, could be passively flexed and extended without 
the bird restoring it to the initial position. This he rightly correlated with 
the desensitization of the wing resulting from cervical posterior root section. 
His experiments showed that the afferent impulses determining the tone and 
posture of the wing did not arise in the wings at all, nor reach the cord by 
cervical or upper thoracic posterior roots. There is, therefore, no escape from 
the conclusion that the condition of the wing produced by Hunter's experi- 
mental procedures was not a clean picture of cervical root section, but was 


complicated by some associated lesion of the nervous system. What this 
might be it was impossible, in the absence of published anatomical control 
observations, to determine, but a concomitant ventral root damage provided 


a probable explanation. 
Hunter's experiments on birds must therefore be regarded as not throwing 


any light upon the questions at issue, 

Elsewhere, in the review now criticized by Professor Elliott Smith, he had 
given what he still regarded as adequate reasons for concluding that the 
parallel series of experiments on goats designed and claimed to demonstrate 
the separate existence of a contractile’’ component of muscle tone had been 
equally unsuccessful. 

In short, it was clear that his account of Hunter's experiments on fowls 
did not differ from the original descriptions, and that it was in the totally 
different matter of assessing and interpreting them that he had ventured to 
hold a contrary opinion to that expressed by Hunter. 

Mr. GEOFFREY JEFFERSON (Manchester) said that he was in the United 
States of America when the first wave of enthusiasm for the new method of 
treatment of spastic paralysis began its spread. He had an opportunity of 
seeing two cases which were operated upon over there, and was rather dis- 
appointed, as were all concerned, with the result. Disappointed because the 
reports which had come, some at first hand, from the Australian clinics had led 
everybody to expect a most dramatic change. 

Tt was perhaps natural to deduce that technical errors in the operation, as 
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performed by others, had been the cause of the relative ill-success attending 
their efforts. It is possible that incomplete operations were indeed done.on 
some of the early cases, but looking back on it all, now one must confess that 
greater proficiency has not, in my own hands at least, materially altered the 
results. In fact, the last case that I operated upon was more completely 
unchanged than any of the previous ones. 

One can well understand and sympathize with the enthusiasm which 
greeted this new method of treatment, especially in so far as it was likely to 
affect spastic arms, for these have always been the bugbear of the neurologist 
and surgeon alike. The spastic leg, of Little’s disease for example, is not so 
serious a problem ; very effective operative measures have long been in use for 
the lower limbs (neurotomies complete and partial, tendon lengthenings and 
the like). The arm is a different matter, and here I have found that we 
still had to face the old enemy—lack of sufficient higher control, both in 
quality and in volume, rendering most operative measures futile. On this 
rock it seems to me that the operation of ramisectomy was likely to split in 


any. case. 

One had been led -to believe against one’s better judgment that the chief 
disability in these cases was not so greatly loss of pyramidal control as the 
overmastering of this control by secondary muscle hypertonus; that if this 
tonus were removed a relatively useful motor function would reveal itself. 
Such unfortunately has not been my experience, and I have been able to 


detect. such slight functional improvement in my own operated cases that I 
doubt if I shall undertake the operation again. I concentrated my attention 
chiefly upon arms, and I have the impression that it is mainly the legs which 
have been reported to have shown the greatest success. There has certainly 
been in some of my cases a perceptible lessening of tone, perceptible not only 
to the patient, but also to the observer. But in the arm the patient has never 
been able to make material use of it. It occurs to me that the more automatic 
and coarser movements of the leg might very possibly have been improved 
considerably by a diminution in tonus, small though it be. 

I have operated on six cases, five cervical ramisectomies and one lumbar. 
All save one were performed on persons under the age of 20 years. The ex- 
ception was a hemiplegic man of 60 whose hand was converted from the 
typical congealed form with thumb adducted into the hand, to freely 
(passively) mobile digits and thumb. This was the first case and the results 
were encouraging, but unfortunately the man died of a second cerebral vascular 
lesion six weeks after the operation. Of the other four arm cases one was 
a traumatic hemiplegia, one had Little’s disease, and one was a hemiplegia 
resulting either from a juvenile vascular lesion or a polio-encephalitis. All of 
_these patients were, of course, ambulant with the arm less recovered for 
practical uses than the leg. Each patient declared that since the operation 
the warmth of the arm is increased. On the whole the affected arm is still 
colder than the normal, but is not so chilled as formerly, and sometimes flushed 
considerably. The alteration in temperature was studied in one case following 
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operation and showed a temperature on the sympathectomised side of from 
one to two degrees higher than its fellow for the first week. After this con- 
ditions became more normal, and in two weeks little or no difference was 
detectable. On the motor side, all patients, save one, state that there is a 
distinct gain of suppleness, a diminution in the subjective feeling of rigidity in 
the operated limb. One patient denies any change at all save the thermal 
improvement noted, which suggests that vascular dilatation may not be the 
only cause of relaxation experienced. 

Objectively it is exceedingly hard to devise tests which will demonstrate 
convincingly any lessening of tonus which may have been achieved, because 
the pyramidal control seems to be so deficient. Further, the spastic limb 
varies so much in the natural state, not only from day to day but from hour to 
hour, that honest conclusions are hard to draw. But it may be said that 
some loosening, some “ limbering-up,”’ followed in four of the arm cases, that 
in two cases a firmly closed hand was converted into one which was very 
easily (passively) spread and remained open in the rest position at times. In 
one the child’s mother was aware of diminished tone by the greater ease with 
which she could dress the child, the arm no longer being held so rigidly against 
the body. I should add that these results were immediate and have in three 
cases persisted for over a year. 

These facts are, in their very limited way, interesting, and conform 
closely to those obtained by other.surgeons. But I cannot say that the opera- 
tions have done any real good, and here. I find myself in. full agreement with 
Mr. Bankart. . It may be that we have chosen the wrong cases, and I have 


had no experience with extrapyramidal lesions which might theoretically be 
a richer field. It seems safe to say in conclusion that the hemiplegic arm 


remains the problem that it has always been, and that ramisectomy has done 
little or nothing in alleviation. 

Dr. BEATTIE (replying on behalf of Professor Elliot Smith) said, in answer 
to Dr. Walshe’s remarks, that there was no question of injury of the anterior 
roots in the experiments which he himself had performed. The solution of the 
problem seemed to him to be in the direction of understanding the fatigue 
processes of the muscle. He mentioned that, in the opinion of Dr. Woollard, 
Garven’s preparations proved nothing. 

He had operated on a child, aged 7, who had never walked owing to a 
spastic paraplegia; clonus came on as soon as the lower limbs were put to the 
ground. A left-sided lumbar ramisectomy was performed in April, 1925, 
which was immediately followed by vasodilatation. Seven days later the child 
was able to put this foot to the ground and noclonus resulted. In June, 1925, 
the operation was done on the other side, and the child was now able to walk. 
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Neuritis and Neuralgia. By WILFRED Harris. Pp. 418. London: 
Oxford University Press. H. Milford. 1926. Price 12s. 6d. 


This volume is even more comprehensive than its title suggests: it might 
he, in fact, described as a textbook on the diseases of the peripheral nervous 
system, for not only does it deal with neuritis and neuralgia, but also the effects 
of injury and other affections of the peripheral nerves. 

The first section is devoted to multiple neuritis and its treatment; here 
there is little that is new or striking, although the subject is adequately treated. 
Chapters on the neuritis of the cervical plexus and of the upper and lower 
limbs follow, in which affections of the individual nerves or trunks are fully 
and lucidly dealt with. The most valuable feature of these chapters is the 
careful discussion of the differential diagnosis of the affection of each nerve. 
An interesting chapter on sacralgia, genital neuralgia and other psychalvias 
follows. 

The most important part of the volume, however, is that which contains 
the chapters on the neuralgias of the head and neck. The careful clinical 
description of each type, its differential diagnosis and the indication for its 
general and specific treatment, cannot but be of great value to all who have to 
deal with thése relatively common affections. Much emphasis is laid on the 
use of injections of alcohol and the technique of its employment is fully and 
lucidly described. There is also an interesting discussion on the path of the 
taste fibres, in which emphasis is laid on the interdependence of the lingual and 
chorda tympani nerves in the full development of taste sensation; it is thus 
that the author explains the disturbances of taste that often follow extirpation 
of the Gasserian ganglion or injury of the fifth nerve. Migraine, ciliary neuralgia 
and herpes zoster are also included in this section. The discussion of migraine 
is short, and not very satisfactory ; in fact, its inclusion can be only justified 
as an introduction to the pages on the important conditions which are called 
‘the migrainous neuralgias "; these are more fully described. 

Lesions of the cranial nerves, even of the olfactory and optic, are also 
included. The chapters on the visceral neuralgias and on the vaso-motor 
disorders are perhaps not so complete as one would wish, even though their 
symptomatology and pathology are vague and obscure. 

The most striking feature of the volume is its practical outlook, and the full 
description of various modes of treatment that may be employed in dealing 
with each separate condition; it is this feature that will make the book so 
valuable and welcome to all practising physicians, to the general practitioner 
as well as to the neurologist, 
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Contribution a l Etude des Paraplégies Pottiques. Par Mme. SORREL- 
DEJERINE. Pp. 386. Paris: Masson et Cie. 1926. 


This brochure is a useful and interesting contribution to cur knowledge of 
spinal neurology. It is based mainly upon a painstaking personal study of 
forty cases, some of which have been examined pathologically. 

The first chapter deals with the morbid anatomy of Pott’s disease in its 
relationship with paraplegia. The author differentiates between spinal com- 
pression due to bony contact (very rare), to intia-arachnoidal abscess (very rare), 
and to pachymeningitis (common). Mme. Dejerine also submits that c@dema 
of the tissue, due to circulatory disturbances, does of itself produce paraplegia 
She distinguishes between compression due to a supra-ligamentous abscess, and 
un abscess eroding the posterior common ligament and lying anteriorly in the 
epidural Spuce \fter the re-absorption of an abscess some cases of paraplegia 
fail to improve, due, it is suggested, to degenerative changes in the spinal 
medullu. The second chapter deals with the symptomatology of Pott’s disease ; 
the author classifies the cord symptoms as: 

(1) Transitory paraplegias (due to compression by cedema) 

(2) Paraplegias which are curable in eighteen to twenty-four months (due 
lo compression by abscess). 

(3) Permanent paraplegias (due to pachy meningitis, tu bony compression, 
or to severe vascular disorders). 

Mme. Dejerine relies clinically in her localization of the upper limit of the 
lesion, upon the upper level of motor and sensory changes, and on the lower limit 
of the cranial pilo-motor reflex and its extent. The lower limit of the lesion is 
determined by the upper limit of the defence movements and the upper level of 
the spinal pilo-motor reflex. In addition the author employs /ipiadol descen- 
dant and ascendant to determine the upper and lower limits respectively. 

The treatment recommended consists in strict immobilization associated 
with general measures and sunlight cure. The prognosis is better in para- 
plegias due to abscess and to aeedema than to pachymeningitis. 

The second part of the book—comprising 148 pages—is of less interest, being 
taken up with a compendium of clinical records of personal cases. The volume 


is concluded by a good bibliography. 


Vorlesungen iiber Psychopathologie des Kindesalters. Von AvuGust 
HompurGer. S8. 852. Berlin: J. Springer. 1926. Price 27 marks. 


This book on the psychopathology of child-life is printed in the form of 
forty-nine lectures, which deal systematically with all the mental abnormalities 
of childhood. The lecture form naturally tends to make the presentation of the 
subject somewhat diffuse and perhaps unnecessarily long, but it certainly gives 
it a more personal tone and sustains the interest of the reader in a way that is 
rare in more formal textbooks. The citation of cases typical or exceptional of 
the matter dealt with also enables the student to follow more easily the views 
of the author. 
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Another admirable feature of the book is the full discussion of the character 
and normal development of each faculty before its pathology is described. 
Thus of the eleven lectures on feeble-mindedness, the first three form an intro- 
duction in which normal and abtiormal mental growth and the simpler psycho- 
logical essentials are discussed Then the lectures describing the clinical 
features of feeble-mindedness are followed by a description of the methods 
of estimating intelligence, the pathology of the subject and its treatment. The 
next series of lectures deals with the emotional life of the child and its abnor- 
malities, among which that on the clinical aspect of the subject stands out 
distinguished by its completeness and lucidity. The various types of neuroses 
and temperamental abnormalities met with in children are then considered, 
including the mental sequels of epidemic encephalitis. The psychoses are also 
fully discussed, as well as the sexual aberrances of infancy, and the psychical 
phenomena associated with puberty. Lectures on epilepsy in childhood, on 
conditions allied to epilepsy, schizophrenia and juvenile general paralysis, 
complete the volume. 

There is also a very complete bibliography on the subject of each group of 
lectures, and an index, which add to the value of the book as a work of 
reference. 

The importance of the psychopathology of childhood is now fully recognized, 
and its prevention and treatment may be described as one of the urgent problems 
of to-day. This book by the Professor of Psychiatry in Heidelberg is a 
valuable contribution to it and it would well repay translation into English. 


Les Noyaux gris centraur et la région mesencéphalo-sous-optique (suivi 


d'un appendice sur lanatomie pathologique de la maladie de 
Parkinson). Cu. Forx and J. Niconesco. Pp. 582, with 366 
figures and 6 coloured plates. Paris: Masson et Cie. 1925. 
Price 125 frances. 


This is a beautifully-illustrated and fully-documented monograph on the 
anatomy of the basal ganglia and mid-brain. It is divided into three parts: 
the first is a general description of the grosser anatomy, and a list of defini- 
tions of the structures named; next comes a series of drawings and photo- 
micrographs of eighty-two sections in the horizontal, coronal and sagittal 
planes, to illustrate the fibre tracts and cell nuclei of this region of the brain. 
The sections are excellently reproduced and fully described. In the third part 
a fuller description is given of each nucleus as a whole and of its connections 
with other parts of the brain. Thisis illustrated with coloured drawings which 
are as nearly as possible perfect reproductions of the characteristic appearances 
of the various nuclei with Nissl’s stain. This finishes the anatomical part of 
the work, which should prove of the greatest value to the morbid anatomist 
who becomes involved in an examination of the basal ganglia and subthalamic 
nuclei. 
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The authors have added to this a description, 50 pages long, of the patho- 
logical anatomy of paralysis agitans. This is welcome in itself, although the 
reason for its inclusion in the book is not obvious. One may guess that the 
authors set out in the first instance to study this disease, but finding themselves 
handicapped by an absence of exact knowledge of the basal ganglia, made a 
preliminary study of them, which they have been generous enough to put into 
book form in the hope that it may smooth the path of other workers in this 
and kindred fields of neuro-pathology. If this guess be true, we can assure 
the authors that their hopes are fully justified. 


Kinésie paradoxricale des Parkinsoniens ; contribution a Tétude du 
mécanisme de la motilité volontaire. 3y J. JARKOWSKI. Paris: 


Masson et Cie. 1925. 


This little volume is a most interesting contribution to the study of 
voluntary muscular effort. The author commences by considering those cases 
of paradoxical kinesia in which a patient, rendered immobile and helpless by 
the severest degree of rigidity, suddenly, as a result of some external or 
internal stimulus, becomes able to stand, walk, run or even dance. He 
remarks that actually it is not the kinesia which is paradoxical but rather their 
states of akinesia. M. Jarkowski emphasizes the part played by the ~ pheno- 
menon of the antagonists,” in contributing to the poverty of movement in 
cases of Parkinsonism; he suggests that the rigidity can be regarded as the 
summation of a series of infinitesmal reactions of the antagonists. 

The essential origin of disorders of voluntary activity is regarded as being 
due to an enfeeblement or abolition of the ~ affectivo-motor”’ reactions (i.e., a 
deficit of “ proto-energy”’). This results in a loss or diminution in the 
impulse to act, an apparent apathy and a difficulty in making an effort. From 
time to time, however, the relics of the — proto-energy ’’ may concentrate to 
form an impulse of sufficient strength to inhibit temporarily the hypertonus ; 
this is expressed clinically by the phenomenon of paroxysmal kinesia. 

The volume is full of highly interesting material and the discussion on the 
pathogenesis of the rigidity and akinesia of Parkinsonism is thoughtful and 
original. M. Jarkowski throughout his work expresses his obligations to his 
master, M. Babinski, with whom he has collaborated in many of the present 
researches. The book should be read in the original by all interested in the 


subject. 


Mental invalids. By G. C. EasterBRook. Edinburgh: Oliver and 


Boyd. 


This brochure comprises the three Morison Lectures, delivered before the 
foyal College of Physicians of Edinburgh, June 1925. In the first lecture, 
the author deals with the subject of the “ Body-Mind.”’ He approaches the 
human organism along three conceptions—comprising the ~ Biophysic,”’ the 
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‘Energic’ and the “ Psychic’ nature. The second lecture contains a plea 
for a full clinical examination of the patient along both historical or life 
history lines, and also by the use of the observational method. A scheme for 
the note taking as carried out at Crichton Royal is attached. The latter half 
of the lecture consists in a consideration of the causation and prevention of 
mental disease. The causation of the psychoses is said to result from the 
inter-reaction of an inherent or acquired nervous constitution with stress 
(pathologic, direct and indirect, toxic, energic, hygienic, biologic and psychic). 
In the third lecture the author divides up the psychoses into five classes 
congenital, constitutional, organic, organismal (or bodily) and toxic (and 
energic). In discussing the wtiology of general paralysis, he dovbts the 
existence of a special neurotrophic strain of the Spirochxta pallidum, and 
favours a special inherent or acquired constitutional predisposition. The final 


part of the lecture concerns the treatment of the psychoses; the author 


speaking highly of a combined open-air and rest-cure régime. 


Writers of ‘Original Articles and Clinical Cases” are supplied free of charge 
with 50 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Lid., 83-91, Great Titchfield Street, 
London, W. 


Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO., Ltd., 
St. Martin’s Street, London, W.C., at the price of 6s. 6d., post free. 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 


through any bookseller. 
EDITOR. 





